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ON THE STRUCTURE OF HYDRATED CELLULOSE OBTAINED FROM 
RAW JUTE FIBRE 


By 8 C SmKAB, D 8c , F NI, and N N Saha, M 8e , Paltt Laboraiory, Phya%ca 
Department, Vnwermty CeUege of Setenee, Calcutta. 

{Received August 15, read August 30, 1946 ) 

Abstbaot 

X tty inve*tigation of the rtruoiure of r*w juto fibre flret treated with NaOH eolutions of 
different ooncentretiona, both under tension and without tennon, washed in water and then 
dried m free air for several days reveals that when tension is apphed to the fibre during the 
treatment even a 80% NaOH solution converts only a part of the native oellulese into hydmted 
oellulose, but if no tension is applied the oeUuloae is wholly converted into hydrated cellulose 
The struoture of this hydrated cellulose Is shghtly different from that obtained by previous 
workers from raw cotton or ramie fibre The dimensions of the umt cell of this hydrat^ cellulose 
are a—fiSAU.&xlOSAU.ox-QSAU. and — S7° 54' This treatment is found to 
make the fibre softer and to dimmish its thermal conductivity, sO that some of its physical 
properties are almost the same as those of coarse wool 

Intkodhotion 

It is well known tliat when cotton or ramie fibre is treated with NaOH solution, 
washed in water and dned m free air the native oellulose in the fibre » either partially 
or whoUy converted mto hydrated oellulose, the percentage of native oellulose 
present after the treatment depending upon the strength of the solution used and 
its temperature The question has been investigated thoroughly by Sisson and 
Saner (1941) They have shown that raw cotton fibre is oonmletely oemverted into 
hydrated cellulose by the action of 18% NaOH solution at the room temperature, 
no tension being applied to the fibre dunng the treatment, but above 6B‘C. the 
native odluloee in ue fibre is only partially converted into hydrated cellulose.even 
by 50% NaOH solution. Bleached cotton was found to give the same results' as 
raw cotton fibre The analytical composition of the hydrated oellulose has been 
observed to bo the same as that of native cellulose, but the crystal struoture of the 
former is differwit from that of the latter The dimensions of the unit cell of dried 
hydrated oellulose as determined by Andress (1929) are. aaoSl AU, hailOS 
A U., c ra 9’1 A U and fi « 62° It is, however, not known whether raw jute fibre, 
which contains about 10% to 13% of lignin besides native cellulose, behaves in the 
same way as cotton fibre when treated with NaOH solution. The presmit mvesti- 
gatioo was therefore undertaken to study the crystal struoture of the product ob¬ 
tained by treating raw jute fibre with NaOH solutions of difforent oonoentrations 
both under tension and without sqiplying any tension, washing it witii water and 
drying The values of thermal conduoti^ty of the hydrated (^ulose obtained by 
tiwtmoat with 30% NaOH solution and of the raw jute fibre have also been deter* 
mined. 

Exfxbocbjital 

the treatinents which small bundles of ‘white raw jute fibre had undergone 
befiin«thefr structures wereanalysed with thehe^ of X-rays are enumerated below.— 
(o) The small bundle was kept immersed in 18% NaOH solution for bdf an 
hour withont applying any tension and th«ai waahed in t<f>-water and 
dried in free air n» more than asredt. a. 

<h) A second grouj^'df fibres was sUePht& ifeatelied with the hdp d weight! 
and the fituM traps 
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(c) The proooss (a) was repeated m the case of a third bundle, using 30% 

NaOH solution 

(d) The process (b) was repeated, using a fourth boodle and 30% NaOH 

solution 

(e) The product obtained by treatment (c) was agam kept immersed m 1% 

NaOH solution for a few hours, washed m water and dried m free aor 
for a few days 

(/) A second sample of the product mentioned above was kept immersed m 
water at about OS^C for a few hours and dried in free air for a few days 
(g) A third sample of the same product was dried at about 106°C for three 
hours m an eleotrioally heated chamber 

X ray pattern of the product after each of the treatments mentioned above was 
photographed by exposing a group of about a dozen strands selected from the sample 
to unftltered Cu radiation from a Haddmg tube The strands were held parallel 
and close to oath other with their lengths vertical m a special holder The width 
of the bundle was wholly covered by the cross section of the nicident X-ray beam 
A sht system consistmg of a oyhndrical bore about 0 6 mm m diameter and 4 cm 
in leng^ along the axis of a leM rod was used An exposure of about 8 to 10 hours 
was necessary for obtainmg a good photograph 

As the fibre subjected to treatment (c) mentioned above resembled coarse wool 
the thermal conductivities of this treated fibre and of the ongmal raw jute fibre 
were also measured ^ usmg an ajijiaratus used previously by Niyogi and Basu 
Mallik (1942) and modified recently by Bhattacharyya, P K , of this laboratory 
The results obtauied m all these mvestigations are discussed m the followmg section 

Results and Discussion 

The X-ray diffraction pattern of the fibre obtamed after treatment (c) is re¬ 
produced m Fig 2, Plate T, while that for the original raw jute fibre is shown m 
Fig 1 The epaomgs of the planes giving reflections m the equatorial layer Ime 
are given m column 4, Table 1, these planes being marked dj, d j and ds rospootivoly 
startmg from the umermost one If these are identified with (101), (lof) and (002) 
planes respectively, as has been done by previous workers m the case of hydrated 
cellulose obtamed from cotton or ramie, the dimensions of the unit coll given m the 
same column are arrived at For the reflections m the other layer hnos the relation 

AcinSP 

= 0 018A®-b0 01644J2-0 0177A1+0 00943i® 

IS found to be satisfied The spaemgs of dj, d2 and ds and the dimensions of the 
unit cell observed in the case of dry hydrated cellulose by Andress (1929) are 
given m column 3, Table I It can be seen from Fig 2 that practically the 


Tahlk 1 



Water cellulose 
Bakurada and Hutmn 

Hyclrated cellulose 
dried (Andress) 

Hydrated cellulose 
from raw jute (present 
authors) 


8 08 A U 

7 32 A U 

7 96 AU 

d. 

4 41 „ 

4 46 „ 

4 42 „ 

d> 

3 96 „ 

4 03 „ 

4 03 „ 


10 03 „ 

H U „ 

8 8 „ 

b 

10 3 „ 

10 3 

10 3 „ 


9 98 „ 

« 14 „ 

9 6 „ 

P 

62' 

62° 

67° 64' 


I The authors' thanks are due to Mr S K Mukherjee for carrying out these measurements 
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whole of native cellulose in juto fibre is converted into hydrated cellulose by 
treatment (c) in which 30% NaOH solution is used and no tension is applied to 
the fibre The results given in Table I further show that this hydrated cellulose 
when dried in free air has a structure different from that found by Andress (1029) 
m the case of dry hydrated oellulose ohtamed from other sources The structure is 
also different from that of uater tellulose obtauiod by Sakurada and Hutmo (1936) 
by treatmg ramie -with 18 5% NaOH solution, uasbmg it in water and without 
allowmg the product to dry, as can bo scon from < olumn 2, Table I They pomtod 
out that m the case of the hydrated c cUulose obtauicd by them some water mole¬ 
cules penetrated mside the lattice while the sodium atoms wcie removed by washing 
the treated fibre in water, and < onsoqucntly, the unit cell was larger m the moist 
state than m the dry state The moist hydrated cellulose whu h was called by them 
‘water cellulose’ showed a (101) spaemg of 8 98 A U , but when it was allowed to 
dry m free air for three days this spacuig was redmed to 7 66 A U and when dried 
at 105°C for about three hours the same spacuig was further reduced to 7 32 A U 
It is, however, observed m the present investigation tliat the (101) spa. mg iii the 
hydrated cellulose obtained from juto fibre by tieatment (c; and dried in free air 
for more than a week is 7 96 A U whuh is greater than 7 66 A U observed by 
Sakurada and Hutmo m the case, of hydrate d cellulose obtauied from ramie and 
dried m free air When the hydrated cellulose obtained in the jiiesent mvestigation 
IB dried at about 106°C in an electrically heated chamber, it is found to be partly 
converted into native cellulose and the spaemg of the (101) plane of the reraaimng 
hydrated cellulose changes to 7 42 A U The pattern obtauied after this treatment 
18 shown in Fig 8, Plate I The presence of (101) and (101) reflections due to native 
cellulose is clearly seen between tho (101) and (101) reflections of hydrated cellulose 
and the widenmg of tho (002) reflection mchi-atcs tho presence of (002) reflection 
from native oellulose corresponding to a s^iacing of 3 92 A U superposed on that 
due to hydrated cellulose Further treatments (e) and (/) do not alter the stnicture 
of the hydrated ooUuloso obtained by treatment (c) os can bo seen from the corres¬ 
ponding patterns shown m Figs 6 and 7 It has also been found that ageing for 
three months does not alter tho structure (Fig 9) 

When tension is apphed to tho raw juto fibre during treatment with 30% NaOH 
solution washed m w ater and dried m free air, the major portion of natn e celhilose 
18 converted mto hydrated cellulose havmg the structure given m column 4, 
Table I, but part ot the native cellulose remains unchanged as can be seen from the 
pattern reproduced m Fig 3, Plate I The projiortion of such unchanged cellulose 
observed after treatments (o) and (i>) (with 18 5% NaOH solution) is still larger as can 
bo seen from patterns shown in Figs 4 and 6 Hence the behaviour of raw jute 
fibre IS different from that observed by Sisson and Saner (1941) m the case of cotton 
fibre 

The thermal conductivity K of the hydrated cellulose obtauied from jute fibre 
m the present investigation is given m Table II 


Table II 


i 

iCm 


ft * hour i! 

1 

Hydrated cellulose from 



0 24 

Raw jute 

0 28 

Pure wpol 

0 24 
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It oan be seen that the Uiermal oonduoUvity of hydrated oellulose is smaller 
than that of raiv' jute fibre and is the same as that of pure wool This hydrated 
cellulose IB much softer than raw jute fibre Henoe'«t.,is quite suitable for bemg 
used as a cheap substitute for coarse wool m making warm fabrics 
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The work was done under a scheme drawn up by Prof M N Saba, F R S , and 
financed by the Iqdian Central Jute Committee. The authors are indebted to 
Prof M. N Saha for kmdly providmg faoihties for the work m the Paht Laboratory 
of the Physios Department and for hiB kmd mterest m the work, and to the Indian 
Central Jute Committee for the financial help 

Rbfbbbncbs 

Andreas, K R (1929) X ray diagram of mercerised cellulose Z Phyt Ohem B , 4, 190 
Niyogi, K C and Buu Mallik, J R (1942) On the thermal conductivity of mdigenous in¬ 
sulating materials Ind J Phyt , 16, 241 

Sakurada, I and Hutuio, K (1936) On the intramicellar swelling of cellulose by water 
Kolloyd ZeU , 77, 346 

Sisson, W A and Saner, W R (1941) On the mercensation of cellulose with NaOU solution 
of di&eront concentrations J Phya Cham , 45, 717 


EXIOAHATION of PtATB I 
Pig 1 Raw High Top jute fibre 

Fig 2 Fibre subjectM to treatment (c), (30% NaOH without tension) 

Pig 3 Fibre subjected to treatment (d), (30% NaOH with tension) 

Fig 4 Fibre subiocted to treatment (o), (18% NaOU without tension) 

Fig 8 Fibre subjected to treatment (b), (18% NaOH -with tension) 

Fig 6 Product of treatment (c) subjected to treatment (e), (washed in 1% NaOH solution) 

Fig 7 Product of treatment (o) subjected to treatment (/), (steeped m water at 66°C ) 

Fig 8 Product of treatment (e) dried at 106°C for three hours 

Fig 9 Product of treatment (e) dried m free air for three montlis 
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SOME NEWLY OBSERVED LINKS IN THE NITROGEN CYCLE 

By Gmebt J EowxiEK, D Sc,FRIC,PR San I , F N I 

(Received September 10, read Octcber 18, 1946 ) 

It 18 now nearly seventeen years since the present writer had the honour of 
dehvenng a second Presidential Address to the Indian Chemical Society and chose 
as his subject the field of work with which he was most familiar, viz ‘Recent 
Researches on the Biochemistry of the Nitrogen Cycle’ Following that address 
he was called upon some years afterwards to deliver a course of lectures as Sakraj 
Ray Reader m Natural Soionoe in the Patna University and chose the same subject 
Finally m 1034 he collected such knowledge as ho possessed in the book entitled 
‘An Introduction to the Biochemistry of Nitrogen Conservation’ This volume was 
based on material oonoemed with the same subject extracted from a former pubhoa 
tion, by then out of print, bearing the more extended title of ‘An Introduction to 
Bacteriological and E^yme Chemistry ’ 

The decade following the pubhoation of the later volume m 1934 was mainlv 
preoccupied with the second world war and m consequence there was during most 
of the time an almost complete cessation of new public works construction 

Nevertheless, perhaps indeed on account of this, it has been possible to devote 
closer attention to the actual operations for the disposal or purification of waste 
organic matter whether by means of sewage ‘works’ or sewage ‘farm’ As a result 
new phenomena have been studied and m some oases qmte new view pomts have 
developed, from which older knowledge can be usefully criticised 

In the absence of such research work those who were closely occupied with the 
daily duties of works or farm were content to base their operations on the simple 
sequence xnth which most would be famihar, vi/ the production of ammonia or 
ammo compounds m the sewage tank by the bacterial decomposition of protein; the 
oxidation of ammoma to mtrate, and the recovery or fixation of nitrogen from the 
air by the activity on the farm of legummous plants By the apphcation of such 
knowledge it was possible to run a works or a farm with reasonable success There 
still remamed the question of sludge, the ‘slimy deposit’ left m the settling tanks 
This was ‘disposed of’ in various ways or ‘digested’ with production of methane 
to be used for power, leaving behmd the same residue as would be found at the 
bottom of a bog and with the same lack of agricultural usefulness 

Besides hqiud nitrogenous waste or sewage, i e ‘water after it has been used’, 
IS the dry or senu-dry refuse arising from the ‘conservancy methods of tovms, 
this material bemg either burnt m destructors, with resultant piles of useless dust, 
or disposed of m ‘ controlled heaps ’ not infrequently becoming a paradise for rate 
It has been well said that if the same attention were to be given to sludge and 
other kmdred waste material as has been given to coal, which, after all, is only on 
advanced stage of sludge, results of even greater value might be expected The 
subject, as a valued correspondent put it irfter a talk with Sir Robert Robertson, 
affords not merely a field but a ‘perfwt praine’ of research 

Clearly, to vary the old jwoverb, if a chain is to be strong every Imk must be 
able to stand the stram Thus for the economic conversion of waste orgamo matter 
into food for man and animal there must not bo preventable loss at any pomt 

Pondering upon tha many possibiBties of new knowledge the writer was led to 
reconsider some impcriiant observations of hia earlier years connected with the 
function of nitrate in the sequence of riianglB involved in the complete conversion of 
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putrespible organic waato matter into inoifensivo plant food This and no less, it 
may be said, is the true objective of tho sanitary chemistIwid engmeor 

Conseqiiontlv, the writer put together his thoughts on the subject in a tentative 
paper entitled ‘The Function of Nitrate in Sewage Purification’ and sent a few 
copies to Ills fellow workers in the sewage field for their criticism A considerable 
file of interesting and important comments resulted and the present paper is based 
on tho original draft amplified by still more recent observations which have been 
made m this and other allied aspects of the cycle 

Tho papci may thus be conveniently divided into two parts, viz — 

I The Function of Nitrate in Sewage Purification 
II Other Links in the Life Cycle 

Part I 

The Funchon of Nitrate tn Sewage Purification 

Early in tho writer’s ovporionce in tho field of Sewage Purification, viz as far 
back as 1001, ho published a paper hoforo the Royal Institute of Public Health 
entitled ‘ Some Points m the Management of Septic Tanks and Bacterial Contact- 
beds ’ 

The paper was accorded a good deal of attention at the time and tho mam 
conclusions wore omhodied in the Annual Report of tho Manchester Corporation for 
tho year ending March, 1001 Tho following ("(.tracts have a special bearing on the 
subject now under consideration — 

The thorough drainage of a bacteria bed is of tho first importance in securing 
a good effluent If the water cannot got out, the air cannot got m, an<i 
tho lower parts of tho bod rajiidly become putrid and tho nitrates decrease, 
perhaps are quite absent Hero it must be emphasised that when tho 
nitrates decrease and simultaneously there will always, as a rule, bo an 
increase of nitrites, the bed must bo rested 
On examining tho material of a contact bod m active condition, every piece 
of it will be found coated over with a slimy growth If this is removed it is 
found to bo a stiff jelly which after a little drying can be cut with a knife 
If placed m a tube containing air, and connected with a manometer, the 
jelly will rapidly absorb all the oxygen with production of carbon dioxide 
This action will sometimes produce a vacuum equal to several inches of 
mercury This experiment shows that there is little need to force air into 
a bed 

For the successful working of bacteria beds, tho following methods of procedure 
will be calculated to give the host results The bed must be worked very 
slowly at first m order to allow it to settle down and the bacterial growtkis 
to form 

The burden should not he increased till analysis reveals the presence of 
surplus oxygon, cither dissolved or m tho form of mtrates, in the effluent 
As a result of the careful adherence to this procedure in the days of early 
enthusiasm effluents of exceptionally high mtrate content were obtained so that it 
was possible to adopt a policy of mixing highly nitrified effluents with those leas 
efficiently purified giving a mixture which was^ non-putrefaotive andj which was 
accepted by the statutory authorities 

There can bo no doubt that when a contact-bed is worked strictly according to 
the rules laid down m the early days of intensive study, high mtnfioation results, 
and m the cose of secondary bod lOffl (at the Davyhulme Works) an almost mdofinite 
prolongation of the hfe of the bed was aohieved This bed was stopped on the 
22nd February, 1932, after having been in operation for 27 years Burmg the 
last two years m which the bed was m operation the nitric mtrogen content in the 
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effluent was maintained steadily at an average of 0 82 parts per 100,000 From 
the correspondmg figures for ammomaoal nitrogen m the influent and the efiluent, 
VIZ 1 81 and 1 09 respectively, there would not appear to be much loss of nitrogen 
during the passage of the influint through tbo contact bed In this somewhat 
remarkable case it is evident that the bacterial jelly with its adsorbed organic colloids 
was contmually convert! d imdor steadily maintaiiK d aerobic conditions into easily 
drainable humus Some ol this no doubt escapeil as fine jiarticles in the effluent 
and the remamder formed part of the active hotly of the contact bed 

It IS at any rate clear that tho prosenoo of i^cll oxidised humus is favourable to 
active nitrification 

The rolatoon between tho presence of humus and tho nitrification of orgamo 
matter would seem to have been first emphasised by Adeney m his classical researches 
on the conditions of oxidation of sewage matter 

Adeney concluded that oxidation of oigatuo matter proceeds in two well defined 
stages which may bo briefly described as the carbon oxidation stage and the ntlrogen 
oiadation stage 

While confirming tho conclusions of earlier workers that the nitrous organism 
cannot carry oxidation beyond the stage of nitrite whereas tho lutnc organism only 
oxidises nitrites to nitrat^-s, he addtd the further important conclusion that the 
presence of peaty humus matter apjjears to preserve the vitality of the nitric organisms 
during the earlier stages of the fermentation process and to estabhsh tho conditions 
whereby it is possible for the nitric organisms to thrive simultaneously with the 
nitrous 

The somewhat curious fac t of the apparent necessity of tho presence of humus, if 
sewage matter is to he fully nitrified, is loft iinexplamtxl and uncliscussod The 
importance m pubhcations of scientific research of accurately recording facts, even if 
not completely understood, is once more emphasised m these observations of Adeney 
A very important paptir has since Victn piibbshtd entitled ‘Some Further 
Oonsiderations on the Oxidation of iSewage’ by F II O’Shaughnessy and 8 J 
Roberts {J Soc Chem Irul , Vol 57, p 281, 1938) m which tho somewhat indefimte 
reference of Adenoy’s is shown to be of groat significance 

O’Shaughnessy and Roberts state that under conditions such as may obtain m 
practice carbon and nitrogen oxidation may proceed simultaneously but the oxidation 
of ammonia is dependent not upon tho absi nee of carbon but upon the presence of 
humus Bohds 

It 18 evident from this observation that tho sludge produced after nitrification 
has set m, le what may be termed a ‘nitrifying sludge’, is of a quite different 
character from that obtamed when aeration is contmuetl merely to the‘clarification’ 
or even ‘carbon oxidation’ stage Tho earlier partially oxidised product may bo 
described os floe, the other as humus 

There is, however, a still further stage to bo considered In describing the 
biochemical changes taking place m tho contact bed it was pointed out that there is 
an alternation of active nitrification while tho bed is emptying and draining and of 
dsntinfleatton when it is standing full The denitrification process is at the same 
time one of carbon oxidation, and cellulose and hemi-celluloee derivatives are then 
converted mto humus much as they are m the gardener’s leaf mould pit 

To Lmit the aeration in an activated sludge tank merely to what may he termed 
the floooulation stage is to fail to utibse the reserve of oxygen in the mtrate produci¬ 
ble from the aramoma still present and to leave a sludge disposal problem of increased 
difficulty, floe being much less easily dramable than humus, and since there is no 
reserve of mtrate m the mterstitial water the sludge is hablo to offensive decomposi¬ 
tion if allowed to accumulate under anaerobic conditions 

Moreover, this denitrification process can bo utilised for the final purification of 
semi-punfled effluent by a mere mixing together either in a final demtrifioation tank 
or actually m the stream receiving the effluent 
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As already noted, this method of final purification was actually advocated by the 
Manchester chemists in the days of the contact bed andk^was accepted as adequate 
by the supervising authorities The writer would urge that close study be given to 
this cycle of nitrification and denitrification changes in the bght of all the experience 
which has accumulated since those early days 

In the old and often quoted experiments of Scott-MoncriefF a high degree of 
nitrification was obtained by tnoklmg an effluent with high ammoniacal nitrogen 
content over a senes of superimposed trays contaimng filter media The course of 
nitrification was considerably interfered with if the sequence of the trays was altered 
The assumption was that the activity of the nitrifying organisms was inhibited 

Recent experience would jiGint to a different explanation Researches published 
by the Water Pollution Research Board in their Aiinual Report for the year ended 
June 30th, 1938, show that when two percolating filters are operated in series great 
efficiency results if the action is from time to time reversed and No 2 filter becomes 
No 1 filter and mce verna 

It would thus apxiear more likely that denitrification takes place resulting in more 
complete oxidation of the organic matter as a whole but loss apparent yield of 
nitrate 

That such alternate nitrate formation and reduction takes place even in a compost 
heap is clear from the early experiments of Rege {J Ind Inst Sc , Vol 8A, Part XIII, 
1925) which laid the foundation of the technique followed in the production of what 
18 known as ‘ activated compost ’ 

Rogo found that by aerating a mixture of sulphate of ammonia, calcium carbonate 
and grass powder with activ atod sludge the ammonia at first was rapidly converted 
intro nitrate, while on further aeration the nitrate disappeared with, however, no 
loss of total nitrogen Prom this point repeated additions of ammonium sulphate 
and grass powder wore made, when it was found that disappearance of lutrate from 
the solution took place more and more rapidly with successive additions Finally, 
the additions of ammomum sulphate and gross powder were made simultaneously, 
and at this stage the whole process of nitrate formation and disappearance took 
place withm 24 hours 

Experiments (unpublished) carried out a few years ago at the Indian Institute 
of Science showed that if finely powdered cellulose matter wew added to the aeration 
tanks in an activated sludge plant (i e m presence of ample aeration by means of 
diffused air) all the soluble nitrogen was removed from solution and was built into the 
resulting sludge which was very easily drainable and was of the nature of humus 
A study of recently published discussions on closed percolating filters leads to 
the conclusion that improved conditions for mtrification due to rise of temperature is 
the most important factor in the apparent increased output of a closed filter 

The old observations mentioned earlier of the measurable vacuum caused by the 
‘breathing’ of the bacterial jelly on the medium of the contact bed would seem to 
render unnecessary the forced aeration of the closed filter Provided the natural air 
supply IS not imp^ed it is doubtful whether any artificial mcrease over the natural 
draught will seriously accelerate the rat© of oxidation of the black film frequently 
present on the under surface of the slimy coating on the filter medium On the 
other hand, the infiltration of a solution of mtrate would faoihtate the oxidation of the 
black film with simultaneous reduction of mtrate 

No doubt in absence of adequate aeration n'Ur%tea may be formed with oonsequent 
loss of lutrogen either m the state or as nitrous oxide which ^as was actually 
found by I^tts to be present in a contact bed under certain oonmtions It must 
be rempmbered that every percolating filter is really mtermittent in its action 
Unless the influent is actually run through m a smgle mass as in a mechamoal water 
works filter there is an interval between the arms of a rotary distributor or the 
return journey of the travellmg distributor on a rectangular filter which must produce 
conditions altematmg between nitrification and demt^oation 
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Careful study of the conditions of compost making shows the necessity for 
adequate aeration if loss of nitrogen is not to take place Howard, mdeed, advocates 
that compost heaps should be provided with aerating chimneys and ample under- 
dramage 

The periodic ‘turnings ’ of a compost heap again are likely to produce conditions 
of alternate nitrification and denitrification, although simultaneously carbon 
oxidation will go on If there is no actual loss of mtrogen m this case, and careful 
frequent analyses seem to negative this possibility, then the ammomacal nitrogen 
must eventually be ‘demineralised’ and be ‘built in’ to the humus which finally 
results, passing no doubt during the process through the bodies of many living 
orgamsms characteristic of the special conditions obtaining in any given cose 

Attempts have been made by various workers in the past to purify sewage 
merely by the addition of nitrate of soda m quantity sufficient to supply adequate 
oxygen though denitrification It is doubtful whether the conditicms thus arranged 
are really the most suitable for efficient purification The following passage from 
the Annual Report of the Rivers Popartment of the Manchester Corporation for the 
year ending March 27th, 19(»l, p 73, is not without significance — 

‘It was found that when a primary filtrate was allowed to stand overnight 
m contact with air, or when it was aerated by shaking every quarter of an 
hour during two hours, a distinct improvement resulted, though almost 
invariably at the expense of the nitrate present 
‘The economical bacterial purification of sewage on a large scale depends 
essentially upon the addition of oxygen t» presence of (hr requxstte bactena ', 
consequently, although aeration alone is incapable of appreciably purifying 
sewage (see City Surveyor’s Report, 1897, page 29), yet when aerobic bactena 
are introduced by addition of a volume of wcll-nitnfied filtrate, it is probable 
that aeration may play a much more important part ’ 

Here possibly may be seen an adumbration of the Activated Sludge process 

FmalJy, reference may be made to the remarkable results obtom^ by Lockett 
at Mogden by what he terms the ‘complete process’ In this technique Lockett 
relies upon the frequent complete conversion of ammomacal into mtrate nitrogen 
This 18 effected by recirculating a largo proportion of the highly nitrified effluent 
together with a high proportion of nitrifying sludge Lockett desenbes the sludge 
so obtained as settling very rapidly and bemg easily filtered and has stated in a 
letter that it contains more than 8% of nitrogen It might be assumed that this 
high percentage of nitrogen is primarily due to what may be termed the ‘ fractionating ’ 
of the sludge by the removal in presettlemont tanks of a large proportion of the 
mineral matter which would otherwise form part of the final product In view of 
other observations, however, it is possible that this high percentage of mtrogen 
content is due to the ‘deminerabsation’ of ammomacal mtrogen already referred to 
in connection with Rege’s researches on compost In any event Lockett’s results 
entirely confirm the conclusions of workers in other spheres, notably Howard who 
writes from the point of view of an agnoulturalist, that aerobic conditions are necessary 
if true humus is to be obtained and, it might be added, if the maximum conservation 
of mtrogen is also to be effected m the various teohmques employed m the utihsatxon 
of habitation waste 

The present writer’s conclusion la that the true conditions for the efficient and 
economical purification of sewage oonsist m the bmldmg up of an initial mass of 
highly active nitrifying sludge and mixing this with the sewage under conditions of 
aaeguaU aerahon A state of things is thus set up m which the nitrate present is 
alternately reduced and re-formed from fresh additions of ammomacal mtrogen, the 
humus wruch is siitniltaneously produced showing a high percentage of nitrogen 


Italics afiseat m ungmal reftnence 
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due to the building of ammomacal nitrogen into the bodies of living organisms and 
possibly also to the formation of complex organic molecules by the combination of 
the nitrogen with the carbohydrate residue present 

In tins way the nitric nitrogen present virtually acts as a catalyst and once the 
correct conditions are (stablished a considerable reduction in the power consumption 
required for aeration should be achieved A hint of such a result is given in his 
Report for 1937 by the Chief Sewage Chemist of Shanghai He speaks of having 
more or less by chance obtained a sludge in all respects satisfactory with a low power 
conmmphon This means that it is the cpiahty of the sludge, quite as much os the 
quantity of air employed, which has to bo studied and properly understood 

The present writer would urge the importance of renewed careful and exact 
research with the object of obtaimng further knowledge on these hnea Such 
researches may result in very valuable additions to the iinderlymg theory of the 
activated sludge process and make ultimately for greater economy and efficiency 
without loss of the agricultural value of the end products 

Part II 

Other Links in the Life Cycle 

The foregoing pages are thus chiefly concerned with the two end products of 
sewage purification, viz nitrate and humus, and Uitir relation to the actual technical 
processes employed in the ‘sewage works' 

Essentially, the same changes go on in the ‘sewage farm’ when nitrogenous 
waste matter, whether liquid in the form of sullage or sewage, or somi-solid m the 
shape of various forms of organic manure, is brought into contact with the soil, 
there to provide food for the glowing plant 

Here, however, other factors enter into the cycle Through the interaction of 
oxidisablo matter with the soil particles, purely physico chemical factors have greater 
scope Forms of life other than specific and well-known types of bacteria play their 
part, and finally the conditions of life of the growing plant affect the changes ooourring 
in the soil complex in which it grows 

Just as knowledge gamed on the sewage works may be applied in the lunning 
of the sewage farm, so observations made on the ‘sewage farm’ may find useful 
application in the operation of the ‘sewage works’ 

The ‘Newly Observed Links’ may, therefore, be considered under the following 
categories The active agencies comprised m these categories contribute, in colla¬ 
boration with the two end products (i o nitrates and humus) so far considered, to the 
life of the growing plant and so to the life of men and animals — 

1 Physico-chemical factors 

2 Bacteria concerned with proteolysis, nitrification and denitrification 

changes, and immobilization or translocation of nitrogen 

3 Biological factors concerned with nitrogen fixation Bacteria, free living 

and symbiotic Other living agencies 

4 The Mycorrhizal association 

6 Protozoa 

6 Animal and man 

1 Physico-Chemical Factors 

It IS to Dr N R Dhar and his co-workers that we owe the most recent and 
contmuous research on this subject While it is commonly believed that the 
processes of ammomfloation, mtrifioation and nitrogen fixation are mainly the 
result of bacterial activity, Dhar has emphasised the importance of purely physico- 
ohemioal factors, sunhght being the source of energy The researches of Dr Dhar 
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and hi8 colleagues up to 1937 are collected and summarised in a valuable paper in 
the Proceedtnga of the National InettUAe of Sciences of India (Vol III, No 2, pp 75- 
131) under the title of ‘ Nitrogen Transformations m the Soil ’ 

Thus to take the simpler stage of nitrification of aramomum salts, experiments in 
vitro 'when ammonium salts wore mixed with sterilised and unsterihsed sod, exposed 
to sunlight and kept in the dark, a much greater percentage of ammonia was oxidised 
to nitrite and mtrate in the case of the mixtures exposed to sunbght whether the 
sod was sterilised or unsterihsed Similarly ddute sodium or potassium nitnte 
solutions are readdy oxidised to nitrate when exposed to light 

Dr Dhar, therefore, considers that the baeterial factor m mtnfioation has been 
somewhat over emphasised especially in tropical countries 

This point of view finds confirmation m the old experiments of Cavendish who 
brought about oxidation of ammoma on surfaces m 1777 There is also the well- 
known technical method of produemg nitric acid by the passage of ammoma gas 
over heated platinum gauze, as well as the experiments by Warburg confirmed by 
Norris and Kanganathan showing the effect of ammal charcoal m accoleratmg the 
ordinary bacterial nitrification process 

Whde these purely physico-chenucal factors, especially the effect of tropical 
sunhght, may bo freely admitted and deserve further study, especially m connection 
with production of nitre in so-called mtro beils, yet it is difficult to behove that 
sunlight has much influence in the nitrification process as effected in the various 
filtration processes m the sewage woiks where it is often highly efficient, and where it 
must occur m the inner depths of the filter bod entirely cut off from sunlight The 
same conditions are present m the activated sludge tank and also m tho compost 
heap, although to a leas extent, since there is m both cases a periodical change of 
surface at longer or bhorler intervals It would be of mtorest to find out by experi¬ 
ment whether ahy different results wore obtamed when these processes were operated 
under conditions differing only in the presence and absence of sunlight 

Ammcmijication 

Dhar and his colleagues found that substances hke egg white, gelatme and blood 
serum, yielded ammoma when exposed to air m presence of sunlight tho amount 
being greatly moreased m presence of solid surfaces like TiO*, ZnO, SiOg, etc , the 
best results being obtamed with TiOj 

It was found that these reactions were autocatalytic masmuch as when the pH 
increased through the inorease of ammoma the rate of oxidation increased propor¬ 
tionately Thus it would appear that the formation of ammoma in the sod is a 
surface reaction and chiefly an oxidative process, taking place on tho soil surface 
with liberation of energy 

Similarly experiment mdicated that nitrite could be converted to mtrate by 
direct aeration especially m presence of inductors like ferrous hydroxide, sodium 
sulphite, etc, whore another physico-chemical action is involved, viz induced 
oxidation 

Dhar, therefore, oonoludes that the processes of ammomfication and mtrifioation 
can be photochemical rather than bacterial especially in tropical countries where the 
number of bacteria is small bemg mostly kdl^ by the high temperature of the sod 
dun^ the summer months 

That oxidation changes m the soil, resulting in the qiuoker availability of orgamo 
manures, can be accelerated by purely chemical agencies has been shown by the 
work of C R Harihara Iyer and V Subrahmanyan who have studied the effect of 
small quantities of manganese and iron salts on the fertilising activity of the sod 
during the lifo-time of the crop, thus oompenaatmg m some measure for the losses 
of pbmt food ingredients durmg periods of fallow, .which in tropical countries ore 
greater than in temperate zone climates Their main findings have been confirmed 
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by others Thus Vyas has reported that mangane8e.^d iron oxides could be used 
to counteract the toxic principles left in the soil by ‘jowar’ and thus increase the 
yields of the succeeding crop 

These inorganic ohemioals could be applied directly to the soil or be incorporated 
with the manure prior to apphoation to the soil 

The researches of the aforesaid workers agree in showing that the purely 
oxidative changes concerned with the conversion of organic matter into end products 
of humus and nitrate are at any rate capable of being considerably affected by non¬ 
living agencies both chemical and physical 

For the practical apphoation of these results experiments are caUed for which 
would determine the economic factors involved Of these one of the most obvious 
IS the cost in labour or meohamsm incurred by adequate exposure to sunhght of the 
surface both of soil and of compost heap 

It would be of interest to compare the results from two sections of an activated 
sludge plant comparable m all respects save that one was exposed to sunlight and the 
other ‘blacked out’ In both sections there would bo an equivalent exposure of 
fresh surfaces only one of which would be exposed to sunlight 

The same principle might be applied in the case of comiKist heaps though here 
the change of surface could hardly be complete 

In view of recent unpublished experiments by Filial and Subrahmanyan on the 
effect of dilution of sewage m presence of oxygen and the observed streaming effect 
of dissolved oxygen, e g in the rustmg of strips of suspended iron, it would be useful 
to compare the changes taking place in stenhsed and unstorilised material not only 
in presence and absence of sunhght but also in presence or absence of air Does 
surdight influence anaerobic changes ? 

Nitrogen Fixation 

Purely physico-ohemioal factors play a considerable role m the more comphoated 
changes concerned with the important ‘link’ of mtrogen fixation, important since 
without it there would be permanent loss of nitrogen from the cycle of life 

Dhar brings evidence to show that the energy available by direct oxidation of 
organic matter in the soil as described m the foregoing paragraphs can be utihsed 
to bring about the oxidation of other organic matter by induction or by catalysis, 
as well as by bacterial action Thus the addition of molasses to soil in presence of 
sunhght brings about an appreciable increase m the mtrogen content of the soil 
under conditions of adequate exposure to air and sun 

The same arguments therefore in regard to the economics involved, i e the 
labour or mechanism needed for contmual exposure of fresh surfaces to sunhght 
holds also m the derived reactions concerned with nitrogen fixation 

It IS of mterest in this connection to note that the activity of worms m chewing 
up raw orgamo debris such as leaves, etc must result in making a product which is 
more readily oxidisable and so any system of manuring which affects the worm 
TOpulation such, e g as an excess of ‘mineral’ manures, will tend to retard mtrogen 
fixation 

Trace Elements particularly boron and zinc may play some part in these 
physioo chemical effects, as well as in the ammomfication effects already referred to. 
Although the quantities of these may be infinitesimally small, a few parte per milhon 
in the soil and less m the plant, they are found to be essential although larger amounts 
may be toxic In a recent address Dr W G. Ogg, the new Director of Rothamsted, 
divides trace elements m Agriculture into four groups — 

(i) Those necessary for normal healthy plant growth Among these are 
comprised Boron, Manganese, Copper and Zme 
(u) Those which are toxic to plants, e g excess of Manganese 
(ill) Those necessary for anim^ if not for plants, viz (^balt and Iodine. 
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(iv) Those poisonotis to animals but not to plants Among these may be 
classed Molybdenum and Selemum 

For research on such traces quantitative spectrography has been found valuable 
The necessary apparatus is hardly likely to be found in the normal sewage works 
laboratory 

Besides the necessary presence of these minute quantities of trace elements, the 
absence from the soil, or it may be from the fertiliser, of certain minerals may hai e 
serious effects Thus a deficiency of calcium may bo detrimental to the rape plant 
or may cause manganese toxicity to develop in cauliflowers Potash deficiency may 
adversely affect barley and mangold plant Magnesium in defect is shown by leaf 
disease m tomatoes and pears 

Clearly m a prepared sludge for the application to a given crop all these 
defioienoies can be suitably adjusted 

2 EddtTW. concerned with prolexdyaia, nxtrificatton and denxtrificatxon 
changes, and immobthaatwn or translocation of nitrogen 

Although it may be admitted that the three first of the above-mentioned natural 
prooesaes occurring in the normal life-cycle can bo brought about by physical or 
physioo chemical agencies, yet there is abundant evidence that under normal circum¬ 
stances of the sewage works or sewage farm the chief agencies are specific bacteria 
Accounts of their nature and mode of action will bo found in text-books dealing 
with the bacteriology of agriculture and sewage purification 

Reference has been made m Part I to the immobihsation of soluble mtrogen in 
the compost heap and m the activated sludge tank by aeration of soluble ammomacal 
salts in presence of hemi cellulose material This reaction is of considerable practical 
importance in connection with the utilisation of the effluent from the activated 
sludge tank for the irrigation of crops smee it is frequently the case that an excess 
of mtrogen is prejudicial to the crop at certain stages of its growth Scientific control 
of the amount and character of the mtrogenous content both of effluent and sludge 
IS therefore needed if the nutritional requirements of the crop are to bo properly met 

Hutrnu and Plant Nutrition 

The extensive and world-wide observations which are bemg made by Sir Albert 
Howard and his numerous fellow-workers and which have been publish^ in simdry 
volumes and m the issues of the Compost News Letter, now appearmg as Soil and Health 
make the old tiipe crude efforts to dispose of the sludge on the land for crop production 
seem rather elementary In those days N P K percentages were almost the sole 
criterion of value and short-time results and ease of application made ‘artificials’ 
popular and the ‘law of return’ was ignored Many years ago 1 remember while we 
were washing up the old contact beds at Davyhulme there was a demand for almost 
any kmd of dried sludge, or humus forming material, to bring back fertihty to the 
er^ed and wind-swept soils of Canada 

In the last issue of Soil and Health there is the first of a series of papers by 
J E R McDonagh, F R C S , on the ‘Nature of Health and Disease in Plants’ in 
vduoh particular attention is drawn to the Role of the Sap Protean m Health or Life 

In a recent address on Food and Phytogeny Dr C S Haynes, F R 8 , classifies 
nutrients as (a) sources of cellular energy, and (6) sources of specific chemioal mde- 
oules required for growth which a particular organism is unable to synthesise for 
Itself 

Nutritional requirements are the reflection of basic biological problems of 
biosynthetic capaeit^es of different organisms. 

It can harmy be expected ^t such complex requirements can be met by mere 
additum of elementary ohemioalB like sulphate of ammonia any more than any kmd 
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of protein molecule will Nerve as human food More than a decade ago it was shown 
by Rose that only certain amino acids were of nu^jtional value Recently these 
observations have boon extended and comparatively small differences m molecular 
structure of various isomeric amino acids have been shown greatly to affect their 
susceptibihty to enzyme action and consequently their nutritional value Similarly 
the detailed structure of complicated aiiti-malarial drugs affects their toxic properties 
It 18 evident that careful preliminary preparation of putresoible sludge (i) by 
final oxidation by direct aeration or by composting m presence of air, (u) by elutria- 
tion, (in) or by other means which may bo revealed by research, will convert the 
one-time ‘slimy deposit’ into valuable plant or even animal food It has been 
already hinted that there may be a future before sludge chemistry comparable to the 
coal-tar industry Unlike coal which has to bo taken as nature left it, sludge can be 
modified in composition and properties while it is in the course of production 
Already in the USA household implements have been devised for eliminating 
household kitchen waste by disintegration and discharge into the sewer to bo treated 
along with other sewage solids and recovered with the romaitnng sludge If there is 
a large proportion of hemi oelliiloso residues present it may have the effect of im¬ 
mobilising a certain amount of soluble nitrogen and withdrawing it from the effluent 
into the sludge Such a process is important when the effluent has to be used for 
irrigation of crops as these may hnd too much nitrogen detrimental at ceitain stages 
of growth In the absence of refuse cellulose material it may indeed pay to add 
some suitable source of hemi-ccllulose sin h as chopped grass for the specific purpose of 
immobilising ammoniacal nitrogen I'roliminary experiment at Bangaloie has 
shown this to be possible 

Briefly it may bo stated that anaerobic action transfers nitrogen from the 
sludge to the effluent, aerobic action m presence of cellulosio material transfers 
nitrogen from tho effluent to the sludge 

3 Biologtcal factors concemfd wUh Nitrogen fixation Baoterta,free 
living and symbiotic Other living agencies 

An excellent compendium of information on the ‘Fixation of Atmospheric 
Nitrogen in Living Forms’ has been published by T R Bhaskaran and S (’ Pillai 
in The Indian Journal of Agricultural Science, Vol XII, Part 1, February 1042 

They confirm the general thesis that tho amount of nitrogen fixed is proportional 
to the energy developed by carbon oxidation in a given time 

In their summary they set out no less than 50 items Only the more striking 
and recently observed of these can be hero mentioned 

Azotobacter and Clostridia are the important non-symbiotio organisms which 
fix nitrogen m tho soil The azotobacter is typical of the aerobes and the clostndia 
of anaerobes Azotobacter uses carbohydrates, salts of orgamo acids and alcohols 
as energy sources Soil humus has been found to exert a stimulatory mfluonce on 
the organism for nitrogen fixation Vitamm Bj and phytonucleio acid stimulate 
growth and mtrogen fixation Certain minerals m optimum concentration are 
necessary for the growth of azotobacter and among these calcium (replaceable by 
strontium) and molybdenum (replaceable by vanadium) are speoifio for mtrogen 
fixation, manganese and uranium accelerate mtrogen fixation Iron plays no speoifio 
rdle in tho process 

Light is not without effect on the activity of this orgamsm, thus, in a measure, 
oonfinmng the conclusions of Dhor, but yellow light is better than blue 

Eydroxylamine would appear to bo the first mtermediate product formed during 
nit^^n fixation 

Bhaskaran and Subrahmanyan have reported that the fixation of nitrogen by 
the mixed flora of the soil follows a different course from that of azotobacter alone 
m artificial media In the latter case fixation only proceeds so long as the sugar 
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lasts m the medium With a mixed flora only a small quantity is fixed m presence of 
sugar while the major part, amounting to over two-thirds of the total quantity fixed, 
18 fixed m the later stages They have further shown that the products of 
decomposition of sugar are utihzed in this subsequent fixation 

These products of deoomposition of sugar consist of simple organic acids and 
alcohols It IS likely that the energy resulting from their oxidation is utihsed for 
nitrogen fixation by purely physico-chemical reactions in accordance with Dhar’s 
observations 

Other agencies 

Long ago Jamieson of Aberdeen contended that nitrogen fixation took place 
primarily through the ageney of the leaf hairs whuh prodiKO albumin from the 
mtrogen of the air According to Bhoskaran and Billai several workers have reported 
from time to time that different jiarts of highei plants exhibit the power of fixing 
atmospheric lutrogon either by tlu mselvcs or bt thtir assotiatioii with the bacteria 
present in them but evidence so far obtaintd is still inadequate to draw any definite 
conclusion regarding the relative importance of these as nitrogen fixers 

It may well be that the extent of nitrogen fixation in any given case depends 
on the conditions obtaining in each case, vi/ the presence of symbiotic agencies 
whether plant or micro organism or on the availabihty or otherwise of nitrogen from 
other sources 

The activities of protozoa in the field of nitrogen fixation will be referred to 
when considering thoir specific functions in other portions of the oyclo 

4 The Mycorrhtzal Association 

The mycorrhizal association may be defined as the mechanism by which hving 
fungous threads (mycehum) invade the cells of the young roots and are gradually 
digested by these 

This important link in the uitiogen cycle has received detailed attention m the 
wntmgs of Sir Albert Howard and his school I well remember the visit that Sir 
Martm Forster (Dr Forster as ho then was) and I jiaid to Pusa in the early mnotoen 
twenties and the fascinating examples then shown us by Howard illustrating the 
importance of root development and of how a well developed root system was 
virtually a mirror image of the plant above ground This lesson I have since striven 
to impress upon sundry mahlis who prefer to souse a plant with water rather than to 
do a little careful digging m order to maintain a reasonable amount of root aeration 
Fully to expose the root system involves, as Howard showed us, very careful washing 
away of the surroundmg soil 

At that time no mention was made of the mycorrhusal association the significance 
of which was not fully understood, although the association of fungus mycehum 
with root cells had been observed, and the term mycorrhiza given to the mycehum, 
as early as 1829 

The careful researches of Dr Rayner on the mycorrhizal association m relation 
to conifers at Wareham m Dorsetshire where small additions of properly made 
oompost had produced spectacular results, led Howard m 1937 to consider the 
poBsibihty of the phenomenon being general and of its having some special function 
m connection with the nutrition of the plant on the roots of which it was observed 

Careful observations were then made by Dr Rayner and Dr Ida Levisohn and 
others of the root systems of many plants for evidences of the mycorrhizal aaeooiation 
It was found that plants manur^ with artifioiala or grown on derehot land showed 
poor development ,Dr Romrs of East Mailing in Kent devised an observation 
chamber for root studies He arranged a vertical darkened glass window on the 
side of a deep pit m an orchard In this it was possible with the assistimoe of a 
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oonYemently arranged low-power nuoroeoope to observe some'of the sod fungi actually 
at work (A j^hoto of one such observation is giveain Howard's recent book, p 36 ) 
The universally beneficial effect of organic manure whether m the form of 
compost or other commonly employed humus-forming material is thus seen to be 
due to the support given to the necessary fungous mycelium 

These careful microscopic observations show that in the invaded cell the mycelium 
exhibits a regular sequence of changes from invasion to the clumping of the hyphae 
around the cell nuclei, digestion and disintegration of their granular contents and 
the final disappearance of the products from the colls In this way the digestion 
products of the proteins of the fungus pass into the cell sap and thence into the 
green leaves 

The mycorrhizal association has been found to be a very widespread phenomenon 
The followmg important crops are all mycorrhiza formers wheat, rice, tea, coffee, 
oaooa, sugarcane, cotton, sisal, mawe, cocoanuts, bananas, citrus fruits, grapes, apples, 
pears and peaches 

Some singular exceptions occur, viz tomato and cabbage The beneficial 
effect of orgamc manure is nevertheless clearly observable in these oases and it 
appears likely that the protein requirement supplied by the mycorrhizal association 
18 in these oases derived from the dead bodies of the bacteria present in the organic 
debris 

While it might be supposed that legumes would be sufliciently supplied with 
nitrogenous nutriment through the mtervention of their root nodules it appears 
that they also need the assistance of the mycorrhizal association if they are to retam 
the power to produce seed 

The relation between the intake of protein and the observed power of disease 
resistance is explained by J E E McDonagh by the character of the protein digestion 
products supphed to the cell sap as already referred to in section 2 

The ultimate consequences of these new observations and conclusions are very 
far reaching In order to maintain the necessary supply of orgamc manure, ‘ mixed 
farmmg’ is essential, i e proper rotation of crops and the intervention of hvostook 
There must mdeed be a definite ratio between the number of hvestock and the 
crop acreage 

5 Protozoa 

It has been contended that the ordinary British mind prefers action to meditation 
with the result that experience is gained through the encountering of practical 
difficulties which might have been avoided by the expenditure of more time and 
thought on prehmmary investigation A further consequence of this method of 
proo^ure is that important work of an apparently recondite character is overlooked 
and its true significance is only appreciated when its bearing is seen on more practical 
issues In few instances is thos feature more strikmgly ox£bited than in the history 
of the aettmted sludge process of sewage purification 

I must admit my full share in this apparent bhndness to what are now fairly 
obvious clues to a true scientific theory of the process In preparing my earher 
book on‘ Bacteriological and Enzyme Chemistry ’ I must have become aware of Munro’s 
expenments on the acceleration of the mtrifioation process by a technique of 
Actrvatxon identical with that used in the building up of activated sludge Yet, 
unless Buboonsoiously, it hod no direct mfluenoe on the oourse of the early research 
work on which the process was based, although it was fully leoogmsed later Of 
possibly even more importance has been the fa^ure to reoognise until quite recently 
the fundamental sigmficance not only in the activated sludge process but m the 
mtre^n cycle generally of the activity of prcOozoa 

That the presence of protozoa m sewage and effluents was long ago recognised 
is clear from a discussion held at a meetmg of the Royal Samtary Institute in 1009 
on the effect of biological conditions on the quahty of effluents. Here the dis> 
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ouBBion centred round the question of how fax merely ohemioal figures of analysis 
really were sufiicient to define the effect of an effluent on the stream into which it 
flowed It was contended that an effluent adequately purified so far as the chemical 
figures indicated might yet start up various living growths—fungoid, algal or 
protozoan—which m turn might adversely affect the amemties of the stream 
Among the protozoa then under observation was the \ orticellid known as Carchmum 
Lachmannti and Mr Glov er, chemist in charge, under ray direction, at the Withmgton 
works of the Manchester Corporation, made some excellent caniera lucxda drawmgs of 
the development of this organism and established the fact that fission of one head 
and formation of two complete organisms took place within three quarters of an 
hour These drawings were reproduced in the Aimual Report of the Rivers 
Committee and were copied by my former good friend the late Dr Calmette in 
one of the admirable reports he was then compihiig for the advancement of sewage 
purification technique in b'rance This remarkable rapubty of reproduction was of 
great sigmfioanco m relation to the possible function of this or kindred orgamsms in 
nature It was to be emphasised that the growth did not occur in effluents which 
would be olassihud by chemical standards as unpurilied but in discharges which 
wore actually in process of nitrification Thus an abundant growth of carcheatum 
was afterwards noticed m the effluent channel from a final or ‘secondary’ contact 
bed at the Davjhulino works, this bed by the way being operated on the continuous 
flow system All these observations can now be seen to have a close boarmg on the 
function of protozoa both in the operation of continuous biters and of the activated 
sludge process Unfortunately agam the findmgs of distmguishod workers m other 
fields tended unduly to influence the conclusions of many of the oarber workers on 
the activated sludge process, and so it is only m quite recent years that the true 
function of protozoa has been recognised and fully mvostigated The early history 
of the Activated Sludge process is admirably set out m the remarkable book by 
A J Martm {The Activated Sludge Process by Arthur J Martm—London, Mac¬ 
donald and Evans, 8 John St, Bedford Row, WC 1, 1927) which becomes of 
greater historical value as the years go on 

Protozoa of differing species were described by various observers but were 
thought to be incidental to the process rather than essential The study of the 
experimental activated sludge plant at the Indian Institute of Science by 
Swaminathan, done largely under my supervision, was influenced by the results of 
Russell and Hutchinson on the apparently favourable effect on plant growth, notably 
of tomatoes, by the ehmination of the proto/oal population by the old gardeners’ 
recipe of heating the sod This was confirmed by Fairbi other and Ren^aw who 
used methylene blue as a partial sterdisatiun agent Swaminathan’s observations 
did not indicate any marked effect favourable or otherwise on the process from the 
apphoation of this treatment to the activated sludge as distmot from soil, although 
it was confirmed that the effect of partial sterilisation was to morease the number of 
bacteria m the sludge as moderate heating had increased the number of bacteria in 
the soil 

Apart from protozoa it was suggested by Dr Bartow, one oi the most dis¬ 
tinguished of the early soiontifio investigators of the activated sludge process 
(Dr Bartow later was elected President of the American Chemical Society), that the 
red worms Aelosoma Lempnchti, often found in decaying orgamo matter, played 
some useful part in the purification process This idea was however soon abandoned 
The ordinary ‘ blood worm ’ the larvae of chtronomus is unfortunately well known as 
a parasite on the useful forms of bfe in the activated sludge tank 

As a oonsequenoe of all these observations, moomplete as we now know them 
to be, most workers moluding myself were of opinion that the activated sludge prooess 
was mainly dependent on bactmai activity, associated as in the case of the well- 
known Ml with a oertam proportion of wganio iron compounds as a preoipitating 
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I looked upon the process as one of intensive bacterial oxidation, acitification 
being included under this general category Unfortunately among bacteria could 
be classed those lughor tl^ad like species such as aphaeroHlus and leptorMtm 
characteristic of polluted but partially aerated streams Such growths have been 
classed as a form of activated sludge, although they have nothing in common with 
the true product and have little or no clarifying still less purifying effect 

Apart from bacterial activity it was also recognised that physical factors, 
notably the mechanical flocculation of colloidal particles, played their part 

Martin’s book was published in 1927 At that time the remarkable researches 
of Cramer of Milwaukee had not been pubhshod (1931) and the important detailed 
working out of the subject by Pillai and Subrahmanyan, and their collaborators had 
not been undertaken and the detailed work of Gurbaxam only recently successfully 
submitted as a PhU thesis is still awaiting publication Ur Gurbaxam is now 
pursuing his studies under the leadmg sewage purihcation specialists in the USA 
Although Cramer s work fmds mention in my book published in 1936 it even then 
appeared more as supporting an interesting theory than as of basic and fundamental 
importance not only to the theory of the activated sludge process but to the operation 
of the mtrogen cycle in general Consequently, although a brief mention of it appears 
m my book, the importance of tho remarkable details described in the original paper 
was not fully realised partly perhaps because tho methods of investigation were 
somewhat unusual In the light of the tabulated oxpeiimental results given in 
Gurbaxam 8 thesis them importance becomes obvious Cramer employed an original 
method for preserving an aerobic atmosphere Instead of bubbling air through 
tho liquid under investigation he used a small (juantity of sodium chlorate in order 
to ojierato under more easily controlled conditions 

framer draws attention to the fact that while tho activated sludge process may 
give fairly satisfactory results without the formation of nitrates yet adequate oxygen 
IS essential showing the process to depend on living agents Purely mechanical 
flocculation of colloidal matter either by mechamcal stirring or by mjection of 
mtrogen or COg does not deal with impurities in solution 

Free access of air was assurc'd by employing dishes of only 4 3 cm m depth with 
a surface area of 23 sq cm Under these conditions heat sterilised sewage if left 
alone became septic. The addition of sodium chlorate* to the extent of 0 3% 
prevented the sewage from becoming septic but did not produce olarifioation 
Further addition of 1 c c of raw sewage produced clarihcation Sewage bacteria m 
separate culture did not clarify nor did yeasts or the enzymic solution obtained by 
crushing activated sludge with sand and filtering 

It was found that if activated sludge was heated to 60"G for 30 minutes all 
protozoa were killed but many bacteria remamed alive Inoculation with this 
sludge did not produce clarification in sterile sewage which contamed 0 3% of sodium 
ohlorate Further addition of a drop of water oontaming a sxngle protozoan produced 
clarihcation in a week 

If a small amount of sludge from this olarihed sample which contamed many 
individuals of one type of protozoan only was added to sewage that hod been first 
sterilisod and then inoculated with bacteria and yeasts only and to which 0 3% of 
sodium ohlorate had boon added, clarification resulted m 48 hours or less 

In all the experiments m which air was allowed aooess to tho surface of the 
liquid the neck of the bottle was closed with a sterile cotton wool plug to prevent 
oontamination When this plug was removed from a bottle containing sterile 
sewage and 0 3% of sodium ohlorate the sewage did not clarify Miorosoopio 
exammation showed that it contamed bacteria and yeasts but no protozoa 

Further experiments by Cramer himself, for details of which the original paper 
may be oonsiilted, showed that if the sludge is heated to 50°C for 5 mmutes all 
protozoa are killed except vortioella—an observation of great mterest m view of the 
obviously resistant character of this organism as shown by the Bangalore researches 



OrLBBBTJ FOWIiEB 80 MB NBWLY OBSKRVBD LINKS IN THE NITEOOEN CYCLE. 19 


and also m view of its mode of sustenance which can be actually seen to consist in 
the ingestion of bacteria and of foecal organic matter It was observed that when 
the protozoa die they rapidly disintegrate and become sludge particles It was 
bebeved, although the observation needs confirmation, that during the process of 
disintegration bacteria could actually be soon emerging from within the protozoa 
If true this phenomenon partly explains the increase of bacterial population following 
partial sterilisation 

Cramer draws the practical conclusion that clanbcation depends on (1) Aerobic 
bacterial life, (2) Lave protozoa, (3) Oxygen in solution, and consequently that the 
activated sludge process can best be controlled microscopically and that a stock of 
normally active sludge should always bo kept on hand for inoculation m case of 
deterioration from any incidental cause of the mam bulk in circulation Cases of 
temporary stoppage of efficiency through a flush of trade waste, or interruption of 
aeration, might be met ui this way 

Cramer expresses the opinion that the protozoa arrive in the sewage through 
storm water, infiltration water, or kitchen waste 

The work was performed in the Research T^aboratory of the Sewerage 
Commission of the City of Milwaukee under the immediate direction of Dr J A 
Wilson Some portion was done in R Cramer’s own laboratory Dr Wikon 
considers that clarification is proportional to the relation between orgamo dispersed 
matter and the amount and vigour of tlie protozoa 


Bangalore Researches 

It was m 1938 that I was concerned with the putting into operation of an 
up-to-date diffused air activated sludge plant for the Military authorities at Cossipore, 
Calcutta It was designed to deal with the sewage from a population of from 8,000 
to 10,000 Having seen that the installation was fmictiomng in mechanical order 
I placed Mr S C PiUai of the Department of Biochemistry at the Indian Institute 
of Science in immediate supervision until the plant could bo handed over to the 
authorities la the absence of local facilities for detailed chemical analysis it 
was fortunate that through the courtesy of the residi nt modi cal officer PiUai was 
able to follow the budding up of the sludge by regular microscopical observations 
It was then that ho confirmed the statement of Cramer and his colleagues that 
efficient olarification was comiidtnt with the appearance of protozoal life particularly 
vort%celhds Following those observations he undertook, in coUaboratiun with the 
Professor of Biochemistry, Dr V Subrahmanyan, and with the detailed assistance 
particularly of Dr M Gurbaxam, a detailed study of the function of protozoa, with 
reference not only to the Activated Sludge process hut also to the nitrogen oyclo 
throughout nature Ho was indebted to the late Prof B L Bhatia of L^ore for 
specific identifications and to Dr B R Seshachai of Central College, Bangalore, 
for assistance in the photo-micrographic work Tho general results of those researches 
are available m recent literature although many valuable details still await publica¬ 
tion The followmg oonclusions may be held as established 

Flocculatwn of CoUoids 

The special function of protozoa in flocculating sewage colloids is clearly evident 
Amongst the active species vorttceUtds are predominant and among these eptslylts 
is specially efficient being twice as effective as the ordinary type of vortteelhds Ob¬ 
servations of tho sludge from the installation at the Madura Mills, Tuticorm, where 
the tonka are operated with sea water show that protozoa are active even under these 
wnditiona, mdeed a speoiee has been isolated and identified as Zoothammum for the 
first time reported m India perhaps on account of its habitat m sea water. 
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Oxidation effects 

Of even greater interest than the flocculating effect of protozoal activity is the 
demonstrated conversion of crude foecal emulsion to the stage certainly of the 
formation of nitrite if not completely to nitrcUe There would seem to be a process of 
digestion of protein matter akin to the cellular activity of growing plants m digostmg 
the threads of mycorrhizal mycohum and m the case of protozoa of the further 
oxidation by means of an oxidase of the ammo compounds so produced Hero then 
it would appear that we have a direct conversion of human waste matter into plant 
and oven ammal food sinoe the masses of epistylis have been found to be readily 
consumed by rats and poidtry m much tho same manner as yeast Indeed many 
years ago Buswell and Lang considered that the purification of sewage by microscopic 
commumties is entirely similar to the disposal of garbage by feeding it to hogs 

In connection with the remarkable oxidation activity of protozoa and their 
need for abundant air supply mteresting refeienoe is made to an observation of 
H M Vernon in 1897 that protozoa have the largest respiratory coefficient of aU 
invertebrates, one case bemg cited wheie this function was forty times that of a frog 

Elimination of Pathogenic Bacteria 

A further advantage of this function of the protozoa is that in the course of it, 
pathogomc bacteria have been found to be completely eliminated This was shown m 
early days by tho empirical observations of (*ol Stewart, then Director of Public 
Health in Bengal, and is now confirmed in detail by Qurbaxam with specific cultures 
both of protozoa, viz epiatylis, and of B Typhosus, B dysenteruve and Y cholera 
The samtary importance of those findmgs is obvious 

Sensitivenesa to pH conditions 

On the other hand, experiment showed that the protozoa were sensitive to 
changes in pH., sudden Hushes of acidity proving to be destructive Tho bearing of 
this result on the regulation of trade effluents is important 

Sources of Protozoa 

The Bangalore workers agree with C'ramer that the protozoa do not derive 
directly from human excreta but from soil In dry soil tho vorticellida exist m the 
form of cysts, becoming active under conditions of waterlogging They are naturally 
to be found m all lands of stagnant and polluted waters The interesting fact is 
recalled that the very first protozoan described by Leeuwenhoek, the inventor of tho 
microscope, was a species of vorticella which he hod seen in standing rainwater in 
1676 

From these observations together with the laboratory experiments it would 
appear likely that nitrification changes under natural conditions are assisted by the 
specific activity of certain forms of protozoa 

Confirmation of Bangalore Researches 

The findings of the Bangalore workers have been confirmed by mvestigators m 
widely separated centres Thus Beynoldson has noted the activity of vorticellida 
m the percolatmg filters at Huddersfield Hardm of Stanford Umversity, Califorma, 
records a clear cut case of the flocculation of bacteria through a protozoan Oikomonas 
termo Watson of the Wellcome Bureau of Scientific Research reports a similar 
activity of a sod oihate Balantiophorus minvtua 

It 18 of petftioidar interest that in an important report from Manchester by 
Messrs Wishart, Jenson and Klem on tho Dewatenng of Sludge, the abundance or 
otherwise of vorticella revealed by miorosoopio observation, is taken as an mdioation 
of the ‘condition’ of the sludge Smoe the sewage reaching the Davyhulme works 
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oontains almost every type of trade waste it may be concluded that provided these 
do not unduly affect the pH of their environment the protozoa continue to thrive 
and perform their function in producing flocculation Careful study is required in 
order to ascertain the economic hmit of air supply, as between the production of 
fully active protozoa resulting in a sludge of high purifying power, and excessive 
aeration resulting m the ‘burning’ out of the protozoa 

Protozoa and Nitrogen Fixation 

Besides the flocculation of organic colloidal matter and its further oxidation to 
harmless end products there is evidence, e g through the work of ('utler and Bal that 
nitrogen fixation is facilitated by the symbiosis of certain protozoa with the normal 
mtrogen fixing organisms of the type of Azoto bacler chroococcum 

6 Animals and Man 

Apart from thoir laboratory studios m connection with the experimental activated 
sludge plant at the Indian Institute of Science the Bangalore woikers have been 
deputed by the Imperial ('ouncil of Agricultural Research to undertake a continuous 
investigation of Sewage. Farming under a St heme of Research approved by the 
Council Valuable reports have been published by Messrs S C Pdlni, 
R Rajagopalan and V Subrahmanyan The researthes thus reported have been 
mainly concerned with the local sewage farms at Bangalore, with the municipal 
sewage farm at Madura, and with the treatment of mixtures of sewage and trade 
waste as instanced by the muiuoipal sewage farm at Ahmedabad 

In the course of this work many opportunities naturally wore afforded to recognise 
the numerous Imks which hold together the chain of living activity from man through 
ammal and plant back to man agam These observations have been admirably 
summarised in a paper by PiUai and Subrahmanyan in the issue of Science and 
Culture for May 1946 Thus they pomt out that at Madura where some two milhon 
gallons of sewage is treated daily on 100 acres of underdramed land, the sewage as 
it filters through the land and travels down to the oflluent channels undergoes rapid 
oxidation and emerges as a fairly clear eflSuent supporting micro-organisms including 
numerous types of protozoa as well as higher forms of life such as worms including 
earthworms, a variety of insect larvae including those of chtronomus, gastropods, 
crabs, frogs, fish (some eight varieties), tortoises and water snakes Some of the 
visible forms attract birds of prey and many of the hsh are consumed for human 
Consumption Smee the sewage irrigated areas are intensely farmed for grass, vege¬ 
tables and friut trees there is thus at the Madura Sewage Farm an unbroken hfe 
cycle 

The function of the protozoan link m transforming the orgamc matter of sewage 
has been described m the last section It would be of mterost if the roots of the 
various crops were exanuned for the mycorrhizal association 

The various constituents of planfOon, mcluding protozoa, as food for fish need 
careful mvestigation from the important pomt of view of mcreased production of 
fish for human consumption The authors suggest that a stage mtermodiate between 
protozoa and fish might be cultivated, e g m special fish tanks from which the fuUy 
purified effluent might be used for the irrigation of crops 

AH these researches have their final beanng on the fundamental issue of the 
production of adequate and health giving food for man Increasmg evidence is 
forthconung to show that of even more importance than quantity is the quahty of 
food supphed The researches of MoCarrison and his fellow-workers now many 
years ago showed, eg that although by plant breeding it might be possible to produce 
double the yield, e.g of the nee plant, yet unless the crop was grown under smtable 
conditions a double ration was requii^ in order to provide an equally sustaining 
meal. The reeeardhes on the myoorrhizal association, and on the effects on crop 
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production of the use of organic manure m the form of compost, have indicated 
that the critical issue is the synthesis of suit^Ie proteins If these are not supplied 
the nutritive and disease resisting properties of the crops are depreciated, as well 
as the health and sustenance of the men and animals consuming them 


Summary and Conduatons 

In the foregoing review an attempt has been made to collect together the 
outstanding contributions which have been made durmg the past decade to our 
knowledge of what is now more than ever seen to bo the most vital subject of scientihc 
enquiry, viz the basic economics of food production By this is meant the full 
utilisation of all available material for the maintenance of the cycle, plant— 
ammal—man 

It has been found duiing this decade of intensive fundamental research, i o 
research concerned with what is often termed ‘academic’ as contrasted with 
‘technological’ objectives that, ns so often occurs in the history of scientific research, 
what had seemed simple sequences or reactions really involved many until then 
unknown or unobserved ‘ links ’ the provision or understanding of which was necessary 
for the full control of the system under investigation The work of Dixon, Breroton 
Baker, Bone and others on the elfei t of traces of moisture on combustion phenomena 
may be cited in illustration In the present review the end product of the ‘Nitrogen 
cycle’, VIZ nitrate, has been seen to function as a catalyst through alternate reduction 
in presence of carbonaceous waste material and reoxidation in presence of adequate 
oxygen, in addition to its direct utilisation as plant food In addition to the com¬ 
monly accepted agents in the breaking down and mineralisation of nitrogenous waste 
material, viz various specific bacteria, sundry purely chftntcal or phijstco-chemteal 
agencies have been shown to play an important part lU'forence m particular has 
been mode to the researches of Dhar and his co-workers on the effect of sunhght on 
the sequence of fundamental changes rcsultmg iii the conversion of nitrogenous 
organic raatonals into mtrato The interesting influence of trace elements has been 
noted 

Among living agents other than bacterial, special reference has been made to the 
mycorrhtzal assoctahon the far reaching importance of which has been dealt with in 
detail in the writings of Sir Albert Howard, Lady Eve Balfour and their worldwide 
associates The nature and importance of this ‘link’ between plant and soil has 
only thus recently been recognised 

Another living ‘link’, the study of which has been intensively pursued of recent 
years, with very imiiortant results, is that of the activity of Protozoa Not only 
has their useful activity been observed throughout the natural operations of agri¬ 
culture but they have boon shown to be the essential agent in the economic function¬ 
ing of the activated sludge process of sewage purification These organisms, 
particularly certain species of vorticeUtds, have been shown to be capable of causing 
flocculation of colloids, and consequent dartjicaiton of the sewage, but also of 
digesting protein matter, including, as a most important corollary, pathogenic bacteria, 
and finally of developing an oxidase activity mamfested in mtrifioation Eventually 
these protozoa may themselves become food for fish which in turn mcreaso the 
food supply of man 

The researches discussed m the foregomg review have introduced a new view¬ 
point into the control of crop production and of the operations of sewage purification, 
biological factors attaining much neater prominence 

Once more it has been shown that Nature’s storehouse of wonders is 
inexhaustible and that if it is carefully and honestly mvestigated, and not greedily 
rifled, we may look forward to an increasing supply of food for the starving milhons 
of the world in place of the wind swept areas of erosion which m our ignorance we 
have so far created 
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I Introduction 

The known typos of ooloxir variations m the Desert Locust, Schistocerca gregana 
(Forsk&l) are (:) The phase variations (Uvarov, 1923, 1928, and others) fn 
overtone the gregarui adults are deep pink when immature and yellowish when 
mature, as was shown long ago by Kunckol d’Herculais (1892) who was, however, 
unaware of phase differences, the sohtaria adults are usually bluish grey Qregarta 
hoppers have a black pattern, while solttaria ones are usually green (Johnston, 
1926, and otheral (ii) In the sohlana phase, again, two colour types occur, thus 
(Roonwal, 1945o, 1940a) The majonty (about 91%) of the adults are bbio grey and 
the remainder fawn, similarly, the majority of the hoppers are green and a small 
percentage fawn Other typos of vaiiations, eg, regarding eye stripes, etc, are 
also known (Roonwal, 1936 et aeq ) 

Adaptation to background colours m the field has often been reported in Acndid 
^asshoppers (vide Cott, 1940) Rao (1937, pp 24 26) has oljserved partial adaptation 
in the Desert Locust In recent years Faure (1932) and Hertz and Imms (1937) 
have studied fhis'^phenomenon experimentally by roaring locusts of the genera 
Locueta and Locustana in variously coloured boxes Here I shall present the results 
of some prehmmary experiments, carried out several years ago on the Baluchistan 
Coast, on rearing hoppers of the Desert Locust m uniformly coloured boxes t 


II EbtPBBIMBNTS 

Hoppers were reared singly in small, rectangular, wooden boxes (12x96x85 
cm ) having the inner walls and floor pamted with ordinary commercial od paints in 
the foUowmg different colours Lemon yellow, prussian blue, mahogany, black, dark 
green, signal red and white, unpainted boxes were used for a pale ochre back- 
ground. The boxes were closed on all sides except the top which was of unpamted, 
grey-coloured wire-gauze They were kept in the bright, diffuse dayhght of the 


1 For a brief report of theiie experanents wU Boonwal, 1937, pp 148 149 
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verandah and were not exposed to direct sunlight For food, the hoppers were 
supphod twice or thrico daily with fresh twigs of Helxotropium urululatum Vohl 
(~ ramoamnum Sib ) (Baluchi name 'marrand'), Nat Ord Boragmaceae This 
shrub grows commonly in the sandy areas on the Baluchistan (’oast, and is the 
favourite food-plant of tho Desort Locust (phase sohtnrui) in nature, in both the 
hopper and adult stages Green {aohtana) fost stage hoppers were utilised The 
colour of the hoppers was noted at the start of each experiment and, subsequently, 
at intervals of 2-3 days Out of 04 experiments which were starteil, 19 reached a 
sufficiently advanced stage for reliable deduotiona to be made, m tho remainder, 
the hoppers died in the first two stages The following experiments were performed 
for each tyjie of background, the results of tho successful oxporiments being sum 
marised in Table 1 — 

1 Lemon yellow —Nine exporunents were started Tn hve tho hoppeis died 
m tho fiist stage, and in two in tho second In tho remaining two, one hopper reached 
tho fourth stage and tho other the mlult 

2 Prusnnn blue —Nino experiments were staited In si\ tho hoppers died in 
the first stage, and in one in the second In tho remaining two, tho adult stage 
was reached 

3 ^fahogam| —Nine experiments wore startecl lu five tlie hopi»ers died in the 
first stage, and m two in the second In the remaining two, one hopper reaehwi the 
third stage and the other the adult 

4 Black —.Seven o\p<>rimeiits wire starteil tn four the hoppeis died in the 
first stage In tho remaining three, one reached tho fourth stage and two the 
adult 

6 Dark green —Eight experiments wore started In five tho hoppers died in 
tho first stage, and in one in the second In tho remaining two, one reached tho 
third stage and the other the adult 

6 Signal red —^Nino experiments were startcxl Tn seven tho hoppers diod 
in the first stage In the remammg two, tho adult stage was reached 

7 White —^Ton cxiienments were starU-d In six tho hoppers died in the 
first stage In tho remaining four, two hoppers reached the fourth stage, one the 
fifth and one the adult 

8 Pah ochre —^Three experiments were started In one the hopper died in 
the first stage, in tho soooud the hopper reached the fourth stage, and in tho third 
the adult 


III Discussion and Conclusions 

InS Africa, Faure (1932), who reared hoppers of Loriwtewnyrafonawtyrafonotdea 
(B: and F ) and Locuatarui pardahna (Walk ) m boxes painted in different colours on 
the inside, found ‘good’ or ‘fair’ resemblance on white, black, grey, yellow and 
brown backgrounds, and no clear reseinblanoo on green, pink and blue backgrounds 
He also noticed that green hoppers were producoil not as a result of green background 
but only under high humidity with an abundance of fresh and succulent food 
Herte and Imms (1937), working on foevata migratorta migraiorioidea m England, 
confirmed the dependence of green colour in hoppers ou the presence of a moist 
atmosphere They further elucidatecl the phenomenon of partial colour adaptation 
in terms of wave-length of light reflected from the coloured background They 
found that, except upon a black background, no complete colour adaptation was 
observed, but the effects of different backgrounds were clearly defined—^the back¬ 
ground only influences the amount and proportion of the orange-yellow and black 
produced Yellow reflected rays (66(K)-6(KK)A) stimulate the production of orange 
and yellow, their absence, and the presence, mstead, of rays shorter than 6(K)OA, 
produce colourless, pale grey or dark grey hoppers 
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J{: luUi oj Mpinmrnti on renrimf l)i mt Tjoonnt hopprrH in pntnfr I boxcA 


Inflido colour of roaring 

j Resulting (oloiir of insects 

Olil hfjpfjers 
(III-\ stttgcsl 

Adults 

1 Lomon yollo^^ 

Biiglit }i llowjsh gri on 

Light gret n 

2 PruM«.nn bliio 

hnwTi or grim hnse «ith bln<k 
markings 

Ditto 

Urowuisb or pinkish gn y 

S Mnhogany 

Di tto 

4 ni.v k 

Dirk gri on or dirtv fawn In si 
witb bliv k markings 

Smoky brown nr ash i olouri d 

6 Dark green 

Ihiglit gticn 

Light green 

6 Signal red 

Duty groi ii or omuBc 

Uri V with viiht tinge, stMieially 
on him 1-1. g8 

7 White 

Uroenish whib 

W'hitish fawn 

8 Pale ochre (unpuinted 

Palo green with or witliout 

Dull brown 


The results of the pre‘(ent experiments on the Desert Locuat showed (Table 1) 
that among hoppers the background colours which were more or leas simulated wore 
lemon yellow, black (®), dark green and white, while others, viz , pruaaian blue and 
signal red, were not, the results for mahogany and pale oolire were mdefimte The 
fawn hoppers, as observctl on black, prussian blue and moliogany backgrounds, would 
seem to represent the fawn colour typo (Roonwal, 1945a, 19t0a) produced indepen¬ 
dently of the background in the sohtana phase Among adults the results were leas 
clear, but some simulation was observable on black, dark green and white back¬ 
grounds 


IV Summary 

1 To study adaptation to backgroimd colours m the Desert Locust, hoppers 
were reared singly in boxes pamted uniformly m different colours on the inside 
Nineteen hoppers reached a sufiiciently advanced stage to permit of some deductions 
bemg made 

2 Among hoppers, more or less marked colour adaptation was obferved on 
lemon yellow, black (*), dark green and white backgrounds, no adaptation was 
observ^ on prussian blue and signal red Among adults, the results wore less clear, 
but some degree of adaptation was observable on black, dark green and white 
baokgronndfi 
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Abstract 


The paper oonaieta of two parts In Part I physical ohoraf tenstics of small masses ( 20. 
lOt 020. OlO) firo calculatod for arbitrary values of Zi/M on the theory of Milne of the two 
phoM configuration of the gonoralised standard model The calculations do afford some insight 
as to the conditions in the interior of such small masses In Part II wo have studied those masses 
under conditions of incipient degeneracy 


Intbodtjotion 

The theory of stellar masses composed of < ompletely deKenorate electron gas has 
been worked out m complete tiy Chandrasekhar (1939), who isolated the existence of 
a hmitmg mass 1/8 = 6 76^' ^ O For masses exceedmg the limit the theory 
predicts no lower hmit to the radius nor upper bound to the density Kothan (1936) 
has moorporated m the usual white dwarf the theory of pressure ionisation and has 
predicted a maximum radius for a cold body The present paper deads with am 
investigation of the physical characteristics of masses lying m the region of stellar 
and proper planetary masses In Part I we have worked out the properties of small 
maisses on the theory of Milne (1932) of two phase configuration of the generalised 
stawidard model Mine’s theory will, however, he a very cnide approximation for 
such masses smce the transition region between the degenerate core and the perfect 
gas region may be quite extensive At present we shall, how ever, be satisfied with 
our approximate calculations, which have been performed for masses, viz 2 ©, 1 ©, 
02© and 01 © Part II deals with these model stars under conditions of moipient 
degeneracy We have used Morse’s (1940) oaloulatioiis for the opacity coefficient 


§2 Numbbioai. CAixmnATioss 

The various physical properties given m the present paper are calculated from 
Milne’s formulae given m Kothan’s (1932) paper Smce the masses considered here 
are aU. less than tjhe critical mass of Milne’s theory the con figurations are of collapsed 
type The tables given below may be considered as an extension of the table given 
m Kothori’s (1932) paper for the model white-dwarf (6©) 
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SIKGWI ON TWO PHASE CONPiaiTRATTON OP SMALL MASSES 


TaBI,]! I 

M = 20 LjM „ 10-2 
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"Ih 
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1 

la 
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a? 

h 
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11 

Tc j 

Central temp 
neglecting i 

conduction 

Tc * 

Central temp 
taking account 
of conduction 

oo 

0 

, 

1 18 Id 

2 22 10» 




's 07 

2 42 1()-B 

0 942 

1 47 Id 

2 22 in» 

7 1(1 1()« 

5 10 i07 

S71 lo» 

4(U 

M)4 ltl-4 

0 Cl 

1 71 Id 

1 1)2 l( * 

tt 0« 107 

C 40 107 

6 08 107 

i018 

2 19 lo-l 


J 78 Id 

9 54 10* 

1 52 10» 

I 52 ill* 

1 52 IJ» 


'lABtr IT 

V ^ 10 L/M = 10-2 


C-* SEW, 

'll 

11 

ll: 

III 

® !«S 

1 

|a 

3« 

Ji 

T' 

Interfacial 

temperature 

III 

'■■III 

Tc 

Central temp 
taking account 
of conduction 

20 18 

8 07 

2 119 
2018 

6 05 10-« 

3 80 10-5 

1 51 10-4 

6 50 10-4 

0 912 

0 61 

0 20 

1 74 10» 

1 HO 10» 

2 17 10* 

3 05 10» 

4 76 19» 

5 64 10* 

5 64 10* 

6 38 10* 

4 79 10* 

1 80 10* 
2 40 10* 

2 82 10« 

9 58 10* 

2 11 107 

5 h9 107 

0 93 107 

3 46 107 

3 46 107 

1 40 10» 

3 50 107 

5 70 107 

6 01 107 

8 45 111* 

8 45 10* 

1 14 107 

2 46 11)7 

5 70 107 

6 03 107 


• In the pjiIrnlHtion of Tc (with conduction) wo have taken account of both radiative and 
conductive opm ity 


The preceding tables for masses 20 and IQ show how the physical quantities 
vary as wo pass from a tonfigi ration wlucli is no core to one which is all oore for a 
fixed value of L/M = 10 * ergs /gm The central density even m a completely 
degenerate state is not very high 

§3 Havmg enumerated the varioi s jihysical quantities for arbitrary values of 
iircOJlf ’ *’hall now estimate a reasonable value for ii, the opacity m the gaseous 


envelope for mven L and 31 The opacity expression for a Russell mixture of 
elements undiluted with hydrogen is given by 


^1 = 7 34 (1) 

where gjl is the guiUotme factor Let the opacity without the oorreotion factor be 
given by 


h 


( 2 ) 


where 


a =* 7 34 10«» 
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The expressions for the mterfacial temperature and desnsity are respectively, 






i a ' 

From equations (2), (3), and (4) wc liavo, 


(^r 

^■-Tr (i)"’ 


_ /iTTC^y- /My^ Ml 

' ~K^I^ \ ^ ) \^) * 


(3) 

(4) 


(5) 

( 6 ) 
(7) 


The method adoptoil for determuimg a is as follow s For fiivon LjM and = 2 1 
and a = 7 34 10*®, as a first apjirovimation T' and p’ are calculate from (5) and 
(0) Knowing T' and p', log^o Vffknow n from Moi se’s table by graphical interpola¬ 


tion The new value of oc s ai = -7- is useil to redetermine T' and p' We contmue 

tl(j 

this process of successive approximation till wo get coiriddent values of T’ and p' 
for two successive approximations In practice it was found that generally a third 
ajiproximation was quite sulhciont The results of such calculations are given 
below 


10-* ergs/gm 


T' = 9 63 
p' = 7 18 
k-i == 95 43 
l-j9i = 3 80 


10* degrees 
10* gm /cm * 

IO-® 


§4 Cah.ulations for Jf = 20 
Coro radius 
Total radius 

Central tomperatujo =8 71 10®degiec8 

Central density = 2 22 10® gm /cm * 

Radius = 1 47 10* cm 

Effective temperature =7125 degrees 

§5 Calculations for Jlf = IQ 
Core radius 
Total radius 

Central temperature = 1 14 10* degrees 

Central denmty = 6 38 10® gm /om * 

Radius n 1 86 10* cm 

Effective temperature = 6330 degrees 
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§6 We have given before the properties of masses 20 and IQ forL/Jf = 10“* 
We shall now do the same for masses 020 land 010 for arbitrary values of 
LjM (10-«-10-») 

Tabui III 

Af- 020 



Tablk I\ 



§7 


Also 


The interfa< lal temperature and density are respectively given by, 



(8) 
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The above expressions are not very aoourate since in their deduction we have used 
ordinary Kramer’s formula for the non degenerate opacity, i e 23 10** 

instead of the more aoourate formula given by Morse 

Having thus estimated a reasonable value for (1—jSj) we can now enumerate 
reasonable values foi the physical quantities for the masses M = 020 and 

M = OlO 



LIM 

1 

(1-W 

a Core rad 
f. Total rad 

R 

Total radius c no 

r 

Interfacial 

temperature 

1. 

1 

Non degenerate 

Tc 

Central 

temperature 

L-|i 

"ll 

1()'» 

]0-» 

10-» 

10“» 

2 88 ur« 

107 10'» 

1 4H lO-i 

0 44 

0 08 

0 tf" 

1 

16 2 10» 
l4U I0» 
14 0 10* 
4 0 10* 

1 

1 72 10«i 

8<)0 IO»| 
4 01 1()» 

2 31) 10* 

1 14 104 

4 20 101 

1 r.o 101 

5 92 

7 >7 10» 
2 72 I0« 
101 lot 
i 75 106 

2 0 10« 

1 1 )0« 

1 5 10« 

1 3 1«6 

4 2 10* 

4 8 ir* 

16 4 10* 

5 5 10* 

318 

I'D) 

115 


§8 Past II Stabs at thbu maximum Central Temperature 
AND Luminosity 


We have seen m Part I that the configuration in which degeneracy is just settmg 
m has the maximum central temperature The lummosity of small masses decreases 
very rapidly with the decrease of mass It would be worthwhile to calculate the 
lummosity when the central temperature is maximum The lummosity L is. 
given by, 

, 47reaM(l-Po) 

h Ba -j- 

kc a 

where 1 is given by the quarfac equation, 
l-A,.600 


(10) 
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TWO PUASB OONnOUSATTON OF SKUIX MASSBS 


In our calculations we have etssumed the star to be composed of Russell mixture of 
elements diluted with 35% hydrogen and have taken /i to be e^lil to unity This 
IB admittedly a crude assumption For opacity ue have used the expression 
given by Morse The guillotuie factor is known from Morse’s table oorrespondmg 


to the mean condition ^' == g ^’o The results of such calculations are summansed m 


the table below 


Tabus VII 


Mass 

MIO 

r ^ 

Logic— 

Tc 

Central 

temperature 

Pc 

Central 

density 

2S 

-0 76 

7 46 10’ 

3 68 10» 

2 

-0 73 

2 13 10» 

2 36 I0» 

1 

02 

01 

-0 63 
-0 39 
-0 29 

8 44 10« 

0 87 10« 

3 02 10' 

5 89 10* 

2 36 101 

C89 


Log,0*1^ 

T, 

Eflective 

temperature 

, L 

LO 

(Calculated) 

^ L 

(Observed) 

0 76 

6360 

-1 36 

-1 77 

I 12 

4217 

-1 99 

KrtlgerOO 
-1 96 

2 12 

40 

6 1 

1253 

97 

27 

-390 

-79 

-09 

0, En C 


The calculations given m the table are based on the assumption that the central 
temperature reaches maximum when the core just vanishes, i e for m>s = 0 As a 
matter of fact the maximum will roach somewhere in the region of partial degeneracy 
We shall discuss tins point m another paper, dealing writh partially degenerate 
stars Prof Russell (J 944) has performed a similar calculation based on Eddington’s 
idea that high maxima of surface and central temperature should occur for values 
of the radius about 3 or 4 tmics that of the degenerate state 

It IS clear from the above talile that even under the most favourable condition 
it would be impossible to observe stars of mass less than 060 l>y their own 
light The opacity as calculated fiom Morse’s aoourate expression is so large for 
these small masses that the radiative flux of heat is very small for them 

It 16 a pleasure to acknowledge my indebtedness to Prof D S Kothan for his 
help durmg the course of the present investigation Thanks are also due to 
Prof K S Krishnan for the kind interest he has taken m this work 
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A TABLE OF VALUES OF Na{t) 


By Hansbaj Gupta, Qoremment College, Hoshmrpur 
(Communicated by Dr D S Kothari) 

{Received September 23, read November 22, 1946 ) 

1 In 1940, I listed numbers^ less than 20,(M»0, which cannot be represented 
by Ramanujan’s ternaiy quadratic form 

x^+y^+lOz^ 

In this connection, I computed a table giving the non negative solutions of the 
equation 

(1) = t, 

with x<y The following is a specimen of the entries m this table The third 
column gives Mg(<)—the number of non negative solutions of (I), the solutions (a, 6) 
and (6, a) beuig considered different when a and 6 are unequal The last column 
gives the value of N^it) defined by the relation 

(2) iV*«) = 2 nM 


< 

(-C, y) 

n>(t) 

m) 

6961 

(20, 81) 

2 

6561 

6962 

(59, 69) 

1 

6662 

6964 

(58, 60) 

2 

6564 

6970 

( 9, 83)(27, 79)(47, 69)(67, 61) 

8 

6662 

6976 

(24, 80) 

2 

6564 


2 The present table has been calculated at the suggestion of Dr Kothari 
It gives the values of nt(l )—the number of iion-negativo solutions of the equation 

(3) **+y*+z*»< 
for values of < up to 10000 Smee 

(4) ns(t) =a 0 when t a 7 (mod 8), 

I have not thought it necessary to give in the table, the value of nj(t) when < is of 
the form 8m+7 To find the value of »*(<) in the other cases, we express < in the 
form Swi+n, where 0<»<6 The values of m are given in the first column of the 
table and those of n in the top row The last column gives the value of Ng{8m+7} 
▼here 

(«) N,(t) - ^ n,(») 

The value of Na(i) for other values of i, is easily found with the help of the table 
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TABLE OF VALUES OF Nf(t) 


».(«) - 2 ’**(^-**) 


By considering z in (3) as not loss than either of the integers x or y, the work of 
computation was considerably shoitened While (B) would have required 100 
entries when t = 10000, the shortened table required only 43 

3 To ensure correctness several checks were apphed Thus the values of 
were computed from (6) and independently by using the formula 

WH 

(7) i^8(0 = 
and were found to tally The fact that 

(8) ns[t) = 0 if and only if t is of the form 4*(8a+6) 

was also of great use The results have finally been chocked against the class-number 
table* computed by mo in 1930, it being well-known that 7ia(8*+3) is the number 
of classes of the Gaussian binary (juadratio form 
ax»+2bxy+cy^ 

with a negative determinant 

6s_ac = _(8t-|-3) 

These chocks and the c’ctremo care i have taken in the work of calculation make 
me sure that the entries in the tabk' can bo fully robed upon 

4 It may be noticed that the number c(t) of lattice points on the circle 

(A) x*+y* - t, t>0, 

18 given by the formula 

(9) c(0 = 4{»j(0-«iW} 

The total number of lattice points inmdo or on the circle (A) is given by 

(10) C(t) = 4{iV,(t)-[7<]}-3 
Similarly, s(t)—the number ot lattice points on the sphere 

(B) a:*+y*-f-2* = (, <>0, 

IS given by 

(11) . «(0 = 8as(0-12nj.(0+6ai(«) 

and the total number of lattice points inside or on the sphere (B) is given by the 
formula 

(12) 8{t) = 8iV8(«)-121V,(«)+6[V«]+6 
In the above formulae 

»i(<) = 1 or 0, 

according os t is or is not a square and [x] denotes as usual the greatest mteger m * 
6 The following short table gives the values of Afg(r*), Ns{r^), C{r^), S(f*) and 
F(r) where V{r) ■= [|^frr®+0 5] for values of r up to 100 
It 18 well-known that for large r 

8 (r^)~V{r) 


* Qupta, H (lOil) Some Idiogyncratio Numbers of Ramanujan Proo Ind Acad Set, i3, 

819-20 

* -(1042) On the Class Numbers of Binary Quadratia Forms Sevteta A , 3, 283-99 
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iNTBODUOnON 

The struoture and development of male and female genitalia m different groups 
of Orthopteroid Insects have been studied by a number of workers Observations 
on copulation have also been recorded m several mstances, and it is now established 
that a spermatophore is formed witiun the genital organs of a male m the various 
families of Orthoptora, and that msemmation is accomplished by transference of a 
spermatophore from the male to the female Our knowledge regardmg copulation 
auid insemination m cockroaches is meagre A spermatophore has no doubt been 
observed m Blatia onerUalta by Zabmski (1033), and Qadn (1938), but little is 
known of the exact function of the different parts of the male and female genitalia 
during the process of copulation Snodgrass (1937) writes 'Considermg how 
Ultimate some of the cockroaches are with us, it is disconoertmg to find how httle 
we know of their private fives ’ The followmg account incorporates the observations 
on the various aroeots of copulation and i^mmation m Pervplaneia atmncana, 
and also deals with the exact working and function of the component parts of the 
male and female gemtaha during the act of copulation 

MaTBBIAL AND TbOHNIQUB 

Large number of nymphs of oookroaohes were reared in the laboratory and a 
complete record of the date and time of their final moult was mamtamed The 
adulte were removed from the common stock soon after their emergence and males 
were segregated from the females For observmg copulation, the male and female 
oookroaohes were brought together in large glass di^es covered with gauze In 
some cases severe femmes and one or two males and in others several u^es and a 
few females were kq>t m the same du^ In the event of their not copulatmg, and 

whra it was not possible to watch the process, care was taken to separate the 
mi^ from the fenudea 

Ordinal^ methods of kiUmg the copulating indivMuaJs, with interlooking of 
their genitaua mtaot, did not prove successful However, hot water was found 
very nsefal for killing subh h^ts. The oqpulating pair was led into a beaker 
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or a tall glass dish and sufficient quantity of hotjwater at about 70®C was poured 
over thqjn This resulted in quick and simultaneous death of the pair with all theu* 
parts in the copulatmg position In case immediate dissection was pot required, 
a incision on the sides of the bod^ of the animals wa^ made and the pair was 
preserved in 70% alcohol to which a few drops of glyoerme were added After 
watching progressive stages of copulation, it was found ^visable to kill the animals 
about 45 minutes after the beginning of copulation, since that is the time when 
they are completely engrossed m the act and do not easily separate 

Obsbbtations on Copulation 

It has been observed that under laboratory conditions, cockroaches copulate 
only dunng night from March to September On an average the process of con 
jugation lasts an hour and a half but under disturbed conditions it may get prolonged 
to two hours or even more In many cases the males were found excited after six 
days of their last eodysis and a few did even copulate with females of the same age 
In no (ase either a male or a female copulated earher than six days, although, both 
Zabinski and Qadri are of opmion that at least the females are ready to jppulate 
just after their final moult Both the males and females copulate several times 
dunng their lifetime, the male is capable of copulatmg at mtervals of six to seven 
days but the female less frequently smoe the latter, after copulation, gets busy 
depositmg cocoons The female oookroai h becomes once more ready for copulation 
only when its store of sperms m the spermatheca is exhausted dunng cocoon forma 
tion A few of these were observed to copulate even as early as three to four hours 
%fter tbs cocoon laymg was over 

Unlike some other insects there is no evidence to show any kmd of courtship 
in P amerxcana and female m particular gives no mdication of its desirabihty for the 
action An excited male, whose abdomen becomes extended, genitaha partly 
extruded, and the cerci stretched out, bustles about m search of a female and runs 
after other cookroachea touching their bodies by means of its antennae On ap 
proachmg a female, it attempts to msert its abdomen beneath that of the female, 
and also tries to catch hold of the female genitaha This is done usually from 
behmd, sometimes from one side, while WiUe’s remark, ‘the male brmgs the end 
of Its abdomen close to the head of the female,’ mdioates that it tries to do so from 
in front An unwilling female avoids the male and quietly walks away leavmg the 
latter alone on the spot Rarely does a male hnd itself readily acceptable to the 
female, and m this connection Qadn s statement, the young males avoid the females 
and bee away if the latter approach them gives a wrong impression that the female 
rather than the male is mitially excited A male m search of a companion may, 
m the heat of the moment, insert its abdomen beneath that of another male but on 
fmdmg it one of the same sex, it soon withdraws from there At times, after a few 
minutes attempt, it is able to catch hold of a part of the genitaha of a female but 
m case the latter is unwilling a tussle ensues pnd the two separate 

A wilhng female permits the male to insert its gemtaha withm her vestibulum 
The two soon become jomed by theur posterior ends and remam connected together 
m a tail-to tad position till lusemination is normally oompleted After their mutual 
luuon IB estabhimed, the male becomes perfectly passive while the female takes an 
active part and moves about dragging ^e male behmd her m search of some dark 
cosy plaoe Havmg secured one, the pair remams stationary and they do not 
mdioate any movement for some time After about an hour of their union they 
tap each o&er by their hmd or fore legs, apparently mdioatmg the climax of the 
operation It hM been asoertamed by dissectmg a number of copulatmg pairs, 
forcibly separated dunng the process, that the spermatophore is not discharged 
from the male within at least an hour from the b^miimg of copulation This has also 
been made sure that even after the deposition of a spermatophore, the pair remains 
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oonneoted together for about fifteen minutes after which the male withdraws its 
gemtaha and the two separate The female remams motionless for some time while 
the]]iiiale retires from the i^ot 

SbX ATTRAOnON 

Observations on the matmg habits of P amencam show that there is no sex- 
attraotion m cockroaches, these appear to be guided mainly’^by instmot WiUe 
has demonstrated in BlateUa gerrmnvca that the secretion of two pairs of glands, 
dorsaUy situated at the ends of sixth and seventh torgites of adult males, serves to 
attract the females at the time of matmg He writes When a male encounters 
a female, it raises the wmgs at right angles to the body and exposes the depression 
of its back to the female, who being soon attracted to them, first explores them with 
her palpi and then prooe^ to lick them with her mouth parts ’ Rau (1924), Zabmski, 
and Qadn in their observation on B ortentahs agree with WiUe on this pomt and 
further record that the male attracts the female on its back and extends the abdomen 
below her to secure a hold on tho ovipositors I, however, failed to observe m 
P ameruyana any attempt on the part of the male to attract a female on its back, 
nor have I found the female exploring and hokmg the glands on the back of the 
male Only a pair of dorsal glands.^ equally developed m both the sexes, occurs 
m nymphs as well as m adults of B orientaha and P ameruana and I regard these 
as odour produomg glands as suggested by Hasse (1889) and Oettmger (19f>8) I 
therefore feel sure that these have nothmg to do with sex attraction, there bemg no 
such phenomenon m these mseots 

InTXB BBLATIOKSHIF of OBUITAUA > AND OTHEB PASTS OF UALB AND FBUALB 
DDBINO THKIB ONION 

A male cockroach, prior to gettmg an actual hold on the female pulls down 
the gynovalvular portion of the seventh stemite of the female by the tip of its 
protruded titillator This eiotion of the male releases the ov]]>o8itors of the female 
and their free distal ends are then pushed up by tho male gemtaha to widen out 
the entrance of the female genital pouch (gynatrium), into which the male mserts 
its gemtaha In firmly umted specimens, the distal portion of the nmth stemite 
of the male comes to lie above the gynovalvular portion of the seventh stermte of the 
female and the styles of the male press hard against the notches of the sevsnth 
stemite of the female The ceroi of the female he beneath those of the male, 
the two restmg m a cross wise manner on either side The wmgs of the male usually 
oome to he beneath those of the female The epijiroots of the male stretch beneath 
those of the female, press against the paraproots of the latter and also get bent upon 
themselves 

The nght phallomere * of the male gemtaha occupies almost a median dorsal 
position withm the gynatrium and is situated between the posterior gynapophyses 
and the ejaculatory duct, the former takmg no part in the actual process of copula 
tdon The distal extremity of the serrate lobe of the phallomere reaches the bases 
of the anterior valvulae of the ovipositor The curv^ spine of the right hmb of 
serrate lobe entangles the left valvula while the two prong like processes of its left 
limb hold the nght valvula The nght and left, antenor valvulae oome to he above 
the left * and ventral ‘ phallomerea respectively These valvulae extend back to 
the oppoenng lobes which open to allow the entry of the former mto the space enclosed 
between themselves The opposmg lobes soon tighten their hold to grasp firmly 


* Donal glands were desenbed in Penplaneta by Minohin (1889 1890) 

• The terminology baa been adopted from Crampton (192S) and Snodgrass (1937) 

*, A A * Ths nght, left and ventral p^ilomeres are equivalent to the iltyAl Dortai, ^ft 
(oombined donal and ventral), and Righi Ventral pmxe valoee respectively (Qadn, 1938, 1940) 
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these valvulae between their hps It will thus be seen that the anterior valvulae 
are the only parts of the female genitaha that are held tightly by those of the male 



during the act of copulation and are released only after the completion of the act 
The remaining solentes of tho right phaUomere are only subsidiary and manily 
provide attachment to the muscles 

The other parts of the male and female genitaha he just under the right phallo- 
mere of the male«andrthe ovipositors of the female The vulvular plates which 
ordinarily he flat on the seventh stenute become vertically slanting and female 
gonopore situated between the vulvular plates consequently pomts obhquely back¬ 
wards The lateral spermathecal plates, which m the natural condition superpose 
the penvulvulars got likewise tilted and thus widen out the vagmal opening The 
arms of the median spermathecal solente are pulled anteroventrally and all these 
adjustments cause the spermathecal papilla face vertically downward 

The ventral phallomero, on wluoh the termmal opening of the ejaculatory 
duct is present, shifts to the right makuig room for the expansion of the lower hp 
of the ejaculatory duct It does not hold any part of the female genitaha while 
Qadri wntee ‘In B onentalu it holds the anterior ovipositor valves ti^tly ’ The 
ejaculatory duct becomes fully dilated and its membranous upper hp as well as the 
thick lower bp, both extend up to the entrmice of the vagina The spermatophore 
la expelled out by the muscular contraction of the wall of the ejaculatory duct and 
it is direotly attached on to the ventraUy projeetmg spermatheoal papilla 
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The left phallomere which moves at an angle of about 30* from its original 
position projects towards the right from bonea^ the ejaculatory duot The ex- 



Text vio 3 Donal view (semi diagrammatio) of the mole and female genitalia 
during copulation after the removal of the posterior gonapophyeee 
a V , anterior valvula, b a , basorcus, 61, basilomina, bt I, basi serrate lobe, ^ d., ejacu 
lotory duct, 1 d , lip of the ejaculatory duct, o I, opposing lobo, * I, serrate lobe, » p , sjier 
matheoal plate, Bpennathooal papilla, sph , aperniatophorej ««, sperinothoonl solento, 

V p , vulvular plate, v ph , ventral ph^otnere 

jiandod tip of the pseudopems enters the femalo gonoporo where it rotates about 
90” on its own axis gettmg an anchorage on the perivulvular selentes The asperate 
lobe hes just above the pseudopems, a httle to the right side, while the opening of 
the phaUio^gland is situated immediately adjacent to the opening of the ejaculatory 
duct The titillator, which in the very beginning of the process brought about 
the openmg of the femalo gynatnum to allow the entrance of the male gemtaha 
mto it, comes to he ventrally m a slantmg position The aoutolohus is situated 
above and slightly to the left of titillator and its curved spine presses against a 
depression on the endogynal plate m the bothecal membrane The other soerlites 
are likewise tilted and mamly provide attachment to the muscles. 

Rau’s, Zabmski’s, and Qadn’s descriptions of the copulatory process are made- 
quate and for want of clear and properly labelled sketches an unaerstandmg of the 
inter-relationBliip of the parts of male and female gemtaha is hardly possible. I agree 
with Zabmski’s observations that the removal of the long hooked process (titillator) 
from the gemtaha^of a|male disables the same to oopi^te with a female beoause 
Buohla m^ will not be able even to open out the femalo gynatnum (vestibulum) 
Likewise, a normal male„will be unable to retam hold on a female oookroaoh from 
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-whose genitalia the antenor val-Tulae have been removed, beoa-use this is the only 
part of a female that is well withm the grasp of the male during the act of copulation 
Qadn (1938) writes Thf nght ventral penis valve which is probably incorrectly 
referred to as the penis by Zabmski and others, holds the anterior ovipositor valves 
tightly, while the right dorsal perns valve lies betjveen the antenor valves, and 
appears to be the mam clasping (»gan The ejaculatory duct enters from the side 
and its membranous hp is apphed to the bases of the antenor valves where the 
spermatophore is attached (Itahcs are nune) There appears to be some confusion 
in the use of the terms left and nght dorsal and ventral penis valves m the genitalia 
of male (Qadn 1940) My observations on P amertcana are not m agreement with 
those of Qadn m many respects The n„ht ventral penis valve, whir h is equivalent 
to the ventral phallomere, is jilane and simple part mcapable of holding anything, 
stiU Qadn has assigned to it the function of holding the anterior ovipositor valves 
winch are actually grasjied by the right phallomere equivalent to the nght dorsal 
penis valve mentioned by him The details regarding the functions of the other 
comjionent parts of the gonitaba havo not been desc nbed by him The membranous 
lip of the ejaculatory duct lies below the ovipositor valves and is not ajiplied to the 
bases of these as pointed out by Qadn and neither is the spermatophore attached to 
the bases of the anterior valves 


Fat® of thk Spermatophore 

As already mentioned the spermatophore is etpelled out of the ejaculatory 
duct and it is attached on to the spermathecal papilla of the female whore it has been 
found sticking up to about 21 horns after the copulation Jn a fleshly mated female 
the outer wall of the spermatophore is soft and it is loosely attached to the sperma 
thecal papilla but within about two hours the wall of the spermatophore sets m 
and hardens so that the spermatophore becomes firmly fixed on to the papilla 
After about 18 hours the spermatophore attachmcnt becomes loose and 3 to 4 
hours later it is no more found witbm the genital chamber of the female The 
ultimate fate of the empty spermatophore is obscure possibly it drops out and is 
eaten up by the female as is recorded m some other Orthopteroid insects (Gerhardt 
1913 1914) 

Different views have been expressed regardmg tho place of attachment of the 
spermatophore and its fate Zabmski says Copulation m B orientalis results m 
the attachment of a spermatophore on the papilla of the female oontammg the 
mennathec^l onfice the spermatophore w carried by the female for two or three 
days and is then rejected Qadn wrongly criticises /abmski regardmg the uutial 
place of attachment of the spermatophore and wntes In just mated female, the 
spermatophore is far from the spermathecal aperture and lies between the bases 
of the ovipositor valves In a male dissected eight hours after matmg, the sper 
matophore was shifted from the ovipositor valves to the mtenor of the genital cavity 
in the vicinity of spermathecal aperture ’ (Itahcs are mme) My observations 
on P americana are in agreement -with those of Zabmski smoe I alw find that a 
spermatophore is attached from the very beguming to the spermathecal papilla 
It appears that while Qadn was handling a just ma^ female, the soft, freshly laid 
spermatophore which was then loosely attached to the spermatheetd papilU got 
d^laced from its ongmal position dunng dissection and remained attach^ to the 
ovipositors which he just above and press agomst the postenor port of the sperma 
tophore It is otherwise, not possible to explam the deposition of a spermatophore 
far away fiom the spermathecal aperture and also its shiftmg from the ovipositor 
valves to the mtenor of genital cavity in the vicinity of the spermathecal aperture 
a« the tune advances 
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Summary 

Copulation m oockroaohes usually takes place durmg night from March to 
September and lasts about an hour and a half There is no courtship A male 
becomes sexually excited when fully formed spermatojihoro is present m its ejacu¬ 
latory duct and moves about in search of a female while the latter behaves indif¬ 
ferently and it dots not try to mount the back of the male as mentioned by previous 
workers There is no glandular secretion to affect sex-attraction Copulation 
takes place only six days after the final moult in both the male and female The 
males copulate several times at inteavals of about seven days while the females 
less frequently and they can do so even a few hours after laymg a cocoon 

Durmg oo^iulation the male and female remain joined together m a tail-to-tail 
position The titillator of the male genitaha forces open the female gynatnum 
thus allowmg the entry of the former mto the latter The pseudopenis actually 
enters the female gonopore and anchors the vulvular plates, the right phallomere 
works as the main < laspmg organ since its opposmg lobes and the serrate lobe hold 
the ventral valvulae and their bases The spermatophore is expelled out and is 
directly attached on to the ventrally projectmg spermathecal papilla 

The secretion of the phalho gland is poured over the spermatophore durmg its 
attachment to the spermathecal papilla and hardens to form the outer wall of the 
former The spermatophore remams attached to the papilla for about tuenty-ono 
hours durmg which the spermatic fluid withm the siiennatophoro passes mto the 
spermatheoa 
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PHOTOdfiEMICAL STUDIES IN SOLS AND GELS PART 1 
Thb Oxidation of Glyokrinb by Mbthylknb Blub in Light of different 

FBBQUBNOIE8 WITH COLLOIDAL ZiNO OXIDB AS THE pHOTO-SBNSITiaER IN 

MEDIA OF Thixoteopio Aldminidm Hydboxide Sol and Gel 

By Sir J C Ghosh, Kt, DSc, F NI, and S K Bhattaohabyya, D Sc , 
Department of Pure and AppUed Chemtatry, Indian Institute of Science, Bangal^e 

(Received August 10, read August 30, 1946) 

Photochemical reactions in liquid as well as in gaseous phases have been studied 
m considerable detail but m comparison, very few reactions have been studied m 
a sol or a gel phase As examples, we may cite the decomposition of silver halides 
m gelatine studied by a number of workers, notably by Eggart and Noddaok m 
wavelengths 366, 406 and 436 ftp and the decomposition of AgCl (sensitised by Ag) 
on prmtmg out paper studied by Weigert m wavelength 436 pp But no worker has 
yet made any comparative study of the kmetics of any reactions m both sol and gel 
phases It would, therefore, be very mterestmg if methods could be devised by 
means of which photochemical reactions could be studied m a sol phase and the 
results compared with those studied in the gel phase Chemical processes m nature 
mostly take place m sol and gel phases It is hoped that similar laboratory mves- 
tigations in sol and gel phases may throw light 6n the mechanism of such chemical 
processes m nature With this idea m mmd, we started our work usmg some 
transparent and colourless thixotropic sols and gels as solvent media The advantage 
of usmg the thixotropic gels is that they hquefy on shakmg which set agam on 
standmg for some time 

In the present mvestigation wo have studied the oxidation of glyoenne by 
methylene blue with colloidal zmo oxide as the photosensitiser m light of frequencies, 
366, 406 and 436 pp m media of thixotropic aliimimum hydroxide sol and gel 

The action of zmo oxide m photosensitising the decomposition of various orgaiuc 
compounds and a large number of motgamo reactions has long been known Eibner 
was the first to observe that several moigonic and organic coloured substances (e g , 
Prussian blue, lead chromate, etc ) are reduced m the hght by zmo oxide m the 
presence of a depolanser such as gly< erme or sugar Wmther studied the flupres- 
oenoe of zmc oxide and some of its photosonsitising action For both processes, th( 
near ultraviolet spectral region was found to be effectne Wmther suggested that 
the zmo oxide remains chemically unchanged durmg these reactions and supported 
the view by experiments, which mdicate that actually the size and shape of single 
zmo oxide particles romam unchanged even on prolonged illummation m presence 
of glyoenne and lead carbonate Tammann observed tjiat, in presence of sohd 
zmo oxide, silver is deposited firom a solution of silver nitrate on illummation and 
zmc goes mto solution Tammann suggested that hght accelerates the ionic exchange 
aooordmg to the equation, Zn0+2i^N08 = Ag20+Zn(N08)2 Kohlshutter and 
d’Almen^a demonstrated that metalho silver and not its oxide is the product of 
light action In this connection the mvestigations earned out by Baur and his 
collaborators are outstandmg Baur and Ferret and Ferret studied the photosensiti- 
sing action of zmo oxide by exposing to sunhght a suspension of zmo oxide or other 
insoluble inorganic substances m silver nitrate solutions The result mdicates that 
the photosendtued decomposition of silver mtrate solution is due to a specific action 
of zmo oxide and not to the presenoe m general of sohd particles m the solution. It 
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was further observed that on short illumination, not only metallio silver, but also stiver 
oxide and peroxide are deposited on zino oxide surfaces and that an equivalent 
amount of this latter goes into solution The photochemical .reaction was also 
found to be follow od by evolution of gas, identified as pure oxygen Ferret suggested 
that the mtegral process taking place on illununation^ expressed by the following 
equation 

2AgNOj+ZnO(+bgbt) = 2Ag+2!n(N08)j+l/2 Oj 
and demonstrated that, actually, the total amount of oxygen formed (free and 
bound m silver oxides) is given roughly by the relation 
1/4 O* = Ag 

Baiir developed m a senes of pubhoations a novel theory of photosensitisation to 
ex[i]am the action of zino oxide or uranyl salts in promotmg various photoohemioal 
processes The sonsitiser is thought to become on absorption of light a polansed 
molecule comparable to the two electrodes of an electrolytic cell Ferret (loo (it) 
observed that sohd zmo oxide particles exert a speoifio photosensitismg action also 
on solutions of mcrcnno chloride and the reaction proceeds acoordmg to the equation 
2Hga2+ZnO = H:g2Cl2+ZnCl2+l/2 0^ 

The reaction is greatly accelerated by dextrose and by sucrose, when the reaction 
is of zero order The third reaction of zmo oxide, studied by Ferret, was its action 
m hght on methylene blue Methylene blue has long been known to be bgbt- 
sensitive Lasareff studied the kinetics of reduction of methylene blue solutions 
m solid gelatine He found that the process was reversible and that, under the 
mfluence of free oxygen, the methylene blue leuco base was oxidised m the dark 
to the dye-stuff agam According to Ferret (loo oit) the photoohemioal reaction 
of methylene blue is noticeably accelerated by the presence of zinc oxide 

In presence of glycenno or glucose, the reaction has been sobematioally described 
as follow s 

2 0©/ flltic-ose or glycenne->oxidation products 
\ methylene blue-+-leuoo-dye 

Baur and Neuweiler have shown that by exposmg aqueous suspenstons of zmo 
oxide m contact with air to sunbght hydrogen peroxide is fonn^ They repre¬ 
sented the reaction as follows 


z„o® 


OH-->l/4 02-(-1/2 HeO 
H+-H/2 02-1-1/2 HoOz 


References may also be made to the w ork done by Bohi, Fukhusbima, McMorrls 
and DickmBon,7Goodeve,^Nara8iinhachari and Qureshi and lastly by Dhar and 
Bhattacharyya 

None of these workers, however, have studied the k\nei%ca of the reactions 
sensitised by zmo oxide, because such studies present oonsiderahle difficulties on 
account of the heterogeneity of the reactmg substances 

After a number of trials we have succeeded m gettmg a suitable protective 
colloid,—thixotrojuo aluminium hydroxide sol,—^wbich keeps zino oxide m a coUoidal 
state for nearly 10-12 hours during which each experiment recorded in^his paper 
was completed 

Section A—deals with the reaction m aluminium hydroxide sol as'medium 
Section B—deals with the reaction m aluminium hydroxide gel as medium. 


EXFEBranUNTAL. 

The source of light was a mercury are lamp whose steength of current and 
volte^e were mamtamed constant by means of a regulatiDg reristanoe Parallel 
beams of light were obtained by means of quartz oylmdrioal lenses of different focal 
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lengthB Monoohromatjo radiations at 366 and 406 and 436were obtained by 
using as filter a dilute solution of copper sulphate in combination with the oorre 
spondmg Schott and Gen monochromatic filter The reaction cell was made of 
oorex glass and was circular with a thickness of 1 cm and havmg a capacity of 2 5 o c 
The cell was placed mside a double jacketed metal box with a -uindow m front The 
temperature was kept constant by passing, uith the aid of a circulatmg pump, 
water from a thermostat through the annular space of the box It is essential for 
accurate work that no extraneous hght should enter the reaction cell and the re 
ibtion was carried out m a perfectly dark room, the only hght entenng the reaction 
cell bemg that obtained from the lamp through the wmdow 

Reagents 

Merck’s extra pure zmo oxide, bi distilled glycerine and methylene blue supphed 
by B D H were used throughout For makmg thixotrojuc alummiiim hydroxide 
sol, extra pure aluminium sulphate, lead acetate and barium acetate supphed 
B D H were used For making solutions bi-distillcd water was used 

Preparation of thixotropic aluminium hydroxide lol 

Thixotropic alummium hydroxide sol was prepared by slow hydrolysis of 
aluminium diacetate following the method of Crum This information bemg not 
generally accessible, the method is given m detail below Aluminium acetate was 
first prepared by mixing together strong solutions of tcrsulphate of alununa and of 
acetate of lead They were poured slow'ly together into a beaker surrounded with 
loe cold water To the filtrate was added HjS to precipitate lead sulphate which 
remamed m solution and next banum acetate to throw down sulphuno acid 

The filtrate, thus obtained free from lead and H2.SO4, speedily became turbid 
on heatmg and a heavy deposit of white crystallmo powder was formed This 
basic diacetate of alummium w as washed several times with distilled water and]then 
dissolved m 200 times its weight of boihng hi distilled water The solution was 
then maintamed at about 90°C for 15 days when complete hydrolysis occurred 
The hquid was then boiled m a wide beaker for nearly 12 hours with constant addition 
of fresh water to retam the same volume so that most of the acetic acid had been 
volatihsed and then the alummium hydroxide sol was put to dalysis for nearly a 
week until the^^sol became neutral The dialysed sol was concentrated, filtered 
and used 

Estimation of the Aluminium hydroxide sol 

The oonoentration of alummium hydroxide m the sol was estimated by dissolvmg 
A1(0H)3 m HNOs and preoipitatmg Al(OH)3 by ammonia The mvestigated sol 
contained 11 66 x 10"* Mols of AI3OS per litre 

Preparation of coUotdal zinc oxide 

It IS not possible to prepare colloidal zmo oxide in water as a medium After 
many trials we have found that tbixotropio alummium hydroxide sol acts as a 
protective colloid m keepmg zmo oxide m a colloidal state for more than 12 hours 
^e ooUoidal zmo oxide was prepared dady, before use, by tnturatmg a weighed 
quantity of zmo oxide with Al(OH)3 sol in a glass mortar for 10 minutes and then 
diluting it either with bi-distilled water or with further quantity of Al(OH)8 sol 

To study the reaction in sol-phase dilution was made by addmg water whereas 
for studying in the sohd gel phase dilution was made by adding Al(OH)s sol. For 
solid phase reaction Merok’s extra pure K28O4 was used for setting the sol to a 
JeUy. 
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Meamr&nent of the velocity of reaction 

Speotrophotoinetno method was adopted for the estimation of methylene blue 
at any moment For this purpose ‘Speotrophotometer Assembly’ aupphed by 
the Gaertner and Co was used Speotrophotometer roadmgs (9) were taken with 
the Corex cell Idled with mixtures of diiferent conoenftotaons of methylene blue and 
colloidal zmo oxide m the green region (546 /t/t) where the leuoo-dye has got no absorp¬ 
tion—the blank eorex coll bemg hlled up with Al(OH), sol of the same concentration 
as m the dye solution The cahbration ourve was obtained by plottmg log tan 6 
against tho concentration of methylene blue at a partioular^sol concentration (Fig 1) 



As colloidal zmc oxide has got appreciable general absorption m the visible, separate 
curves for absoqition at 646/xp were obtained corresponding to different concen¬ 
tration of colloidal zmc oxide m the mixture 


Concentration of CToncentration of 


Hpoctrophotometor readings 


dye and 
colloidal zmo 
oxide (0) 

70 8 
72 0 
64 0 
606 
67 0 


0 6208 
0 4882 
0 3294 
0 2491 
0 1875 
0 0608 
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The cell containing the reaction mixture was mode absolutely airtight by covermg 
the simper with paraffin wax as the leuoo-methylene blue is easily oxidi^ by air 
There is an mduction period m this reaction which was ebnunated mostly by passmg 
pure and dry Ng gas through the reaction mixture just after mixin g the mgredients 
and partly by exposmg the reaction mixture to the whole light of the mercury- 
arc for 6 mmutes 

It was observed that methylene blue does not get reduced when exposed to 
hght of frequencies 366, 406 and 436 /ifi either alone or m presence of glycerme or m 
presence of alummium hydroxide sol No dark reaction was observed when a 
mixture of colloidal zmo oxido, methylene blue and glycerine was kept m the dark 
for more than 24 hours 

Determination of pH 

The pH of the reaction mixture was determmed potontiometncolly by usmg 
a glass electrode 


Measurement of Intensity 

The intensity of radiation absorbed by the reaction mixture ivas measured by 
means of a ‘Weston’s Photronic coll’ and a sensitive galvanometer The photronic 
(ell was calibrated by means of a standard lamp (12 V, 4 0 W) standardised by means 
of a Moll thermopde and a Hefner lamp The mtensity of absorbed radiation was 
measured by noting the deflections when the hght passed through (a) thixotropic 
aluminium hydroxide sol of the same concentration as was used m the reaction 
mixture, (6) the reaction mixture The difference m deflections ui the two cases 
gave the mtensity of radiation absorbed by the reaction mixture. It is to be 
pomted out that alumuiium hydroxide sol or gel has got no absoqition m 36b, 40b 
and 436 pg 

As mentioned before, hght absorbed by methylme blue is not effeitive m the 
photochemical reduction by glycerine and hence the jihoto oxidation of glycenno 
by methylene blue is due to the hght absorbed by colloidal zmo oxide alone 

The amount of hght absorbed by colloidal zmo oxide alone can be calculated 
by the formula for mixtures for colloidal zmo oxide = 


«lCl+<2 Cj 


(«) 


where «i = molecular extmction coefficient of colloidal zme oxide 
«2 = molecular extmction coefhcient of methylene blue 
Cl = cone of colloidal zmo oxide m gm mols/htre 
Cg = oono of methylene blue m gm mols/htre 
d = thickness of the reaction cell m cm 
ifl = mtensity of mcident radiation 
The relation (a) can be roughly taken as 
I 

«lCl+<lCj 




where I e= mtensity of radiation absorbed by the reaction mixture 

The molecular extmction coeffioumts «i and of colloidal zmo oxide and 
methylene blue were determmed expenmentally by mtensity measurements m the 
following way. The deflections m the galvanometer were noted, first of all, with 
the solvent idone (e g , alummium hydroxide sol m the case of colloidal zmo oxide 
or water in the case of methylene blue) and secondly with colloidal zmo oxide or 
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methylene blue of known concentrations The molecular extraction coefficients 
<1 and c£ were then calculated accordmg to the equation, 



where c and d have tbeir usual signihcanoe and = intensity of transmitted hght 
The values of ei and <2 for different wavelengths (A) e g , 366, 406 and 436 /x/i 
are recorded in Table n 


Tabu: II 

Hitp,) 3b6 400 436 

633 4 478 6 2i0 8 

r, 2700 0 1710 0 1733 0 

The extraction coefficients of colloidal zino oxide as recorded above cannot be 
taken as perfectly accurate as the necessary corrections for’tho scattered light have 
not been made As the concentrations of colloidal zinc oxide had been taken 
throughout this investigation so low, that the colloid had a pale white opalescence, 
the errors duo to scattered hght might have been very small 

The reaction was studied at 26T The experimental data are recorded m 
Tables III to XII The reaction was found to be zero-molecular with respect to 
methylene blue In the followmg tables, 

^ = zero molecular velocity constant 

= No of gm mols of methylene blue transformed per htre per mmute. 

In the tables, 3' = temperature, /„bi. = No of quanta absorbed by colloidal 
7ino oxide per c o per sec , 

a, b, A and B are the concentrations of methylene blue, glycenne, colloidal 
zinc oxide and aluminium hydroxide sol respectively, in gm mols/htre 


Section A 

DeUrmtnatwn of the order of the reaction 


Tabuc III 


A=. 436,i^ a-150xlO-»M 6 = 20 0X 10-*M 

^-615xlO-*M B = 606xl0-»M = 100 x 10’« 

Temperature (T) •= 26°C pH 6 82 


Time 

(minutes) 


Spectre C 10* 

reading log tan fi Methylene 
(S) blue 


(1) <+« 

(2) t-l-IO 

(3) t 1-20 

(4) 1+30 

(0) <+40 


68 4 0 4024 

66 6 0 3433 

62 8 0 2891 

80 0 0 2386 

57 2 0 1908 


12 67 19 7 

10 6 19 8 

86 196 

6 8 19 0 

60 - 

19 6 


from (1) and (2) 
from (1) and (3) 
from (1) and (4) 
from (1) and (6) 


(Mean) 
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X 

(«») 

366 


400 


436 


Effect of varying the concentration of methylene blue 


T - 26“C 


Tabij[i IV 


pH 6 02 


a 10» 6 10* 

(Mol ) (Mol ) 


A 10* 
(Mol) 


BIO* , 
(Mol ) 


10-18 


AJ 

At 


A5 

At 




20 0 
16-0 
10 0 
7 6 
60 
20 0 
16 0 
10 0 
7 6 
60 
20 0 
16 0 
10 0 
7 6 
60 


10 0 6*16 6 06 


100 123 11 02 


20-0 616 6 06 


40 32 0 

.. 29 6 

„ 32 7 

„ 32 0 

„ 31 0 

20 2 9 

2 6 
2 6 
2 8 

.. 2*6 
160 19 3 

„ 19 6 

.. 17 8 

.. 17 8 

„ 17 8 


8 0 0 08 

7 4 0 07 

8 2 0 08 

8 0 0 08 

7 8 0 08 

1 4 0 014 

13 0 013 

1 3 0 013 

I 3 0 013 

13 0 013 

1 2 0 012 

1 2 0 012 

II 0 01 

11 0 01 

11 0 01 


Effect of varying the concentration of glycerine 

TABue V 


T = 26°C 


pH > 6 92 


X a 10* h 10* 

(pp) (Mol) (Mol ) 


A 104 
(Mol ) 


B 10* 
(Mol ) 




A^ 

At 


AX 

At 




366 10 0 

406 ISO 

436 100 


0 16 6 96 

12”3 1192 


6 96 


34 


20 




26 7 • 7 8 0 08 

26 7 7 8 0 08 

23 6 6 0 0 07 

18 6 B6 0 06 

12 8 3 8 0 04 

26 1 3 0013 

2 0 13 0 013 

2 6 1 3 0-OlS 

23 1 2 0012 

21 11 0011 

1 7 0 9 0 009 

17 8 1 1 0 01 

180 1 1 001 

180 1 1 001 

14 6 0 0 0 009 

9 8 0 6 0-006 


Effect of varying the concentration of colloidal zinc oxide 


X 


T -= 26°C 


Tabm VI 

pH - 6 82 


a 10* 610* A 104 

(Mol ] (Mol) (Mol) 


BIO* 

(Mol) 


366 10 0 10-0 

406 160 lo’^ 

486 so’o lo”o 


12 3 11 92 60 

6 16 6 66 40 

3 08 2 98 20 

12 3 11 82 20 

6 16 6 86 10 

12 S 1182 166 

6 16 6 86 123 

3 08 2 88 68 


38 0 7 2 0 07 

32 7 8 0 0-08 

15 7 7 6 0 076 

26 IS 0013 

1 4 1 3 0 013 

20 6 1 2 0 01 

14 0 11 oOI 

6 86 1 0 0 01 










J O OHOSH & S K BHATTAOHABYTA BHOTOOBBUIOAI. 


Effect of varying the xrUenstty of incident and hence of aboorhed radiation 
Tablb vn 


pit ^ SV8 

’) ^»b. — lo’ — y 


11 82 
5 96 


63 0 
32 7 
26 7 


0 08 
0 08 
0 08 
0 013 
0 013 
0 01 
0 01 
0 01 


Effect of varying the concentration of aluminium hydroxide sol 
Tabm: vni 

T =. 26”C pU = 6 92 

a 10* 6 10» ^10* BIO* lo-l* la’ 10«/7 

0 (Mol ) (Mol) (Mol 1 (Mol ) 4b. /4b. V 


26 7 


7 8 


Seotion B 

Effect of varying the concentration of Kj804 


8 0 12 3 47 6 40 29 8 

21 6 

.. 14 2 

D a firm jelly within 6 minutea when the concentration of 


Effect of varying the concentration of methylene blue 

Tabui X 

- 26»C pH ^ 6 92 K,80* - 8 0 X 10-«M 


/4b. y 


o-oas 

0 035 
0 034 
0 035 
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Effect of varying the concentration of glyeenne. 


A 

(mm) 


pH = « 02 KgSO* ~ 3-0 X 10-«M 


b 10» A 10* 

(Mol ) (Mul ) 


14 2 


3 6 0 036 

3 0 0 030 

I H 0 018 


T =^. 26-C 

A c. 10® 
(pfi) (Mol ) 

3hfi 10 0 


Effect of varying the intensity 
Tabub XII 


pH - 0 

b 10» A 10* 

(Mol ) (Mol ) 

80 12 1 


B 10® 
(Mol ) 


KgSO* - 3 0 X 



40 1 14 2 

62 1 21 1 


10-*M 



3 5 0 035 

3 4 0 034 


Discussion 


gel 


The reaction has got the following common oharootenstios m both the sol and 
states — 


(1) The reaction is zero-molecular with respect to methylene blue 

(2) There is a slight mduotion period m the sol phase whereas m the gel phase 

it 18 appreciable 

(3) The velocity constant is mdependent of the initial concentration of 

methylene blue 

(4) The velocity constant is mdependent of the initial concentration of 

glycerme when [glyoerme] ^ 0 OKM liolow 0 08M, the velocity 
constant diminishes with decreasing concentration of glycerine In 

fact, 1 ■— plotted agamst ^ gives a straight Ime (Fig 2) 

(6) The Velocity constant mcreases with mcrease m the concentration of 


colloidal zmo oxide, but remains practically the same With 


the maximum concentration, the light is, more or less, completely 
absorbed 

(6) For the same concentration of glyoerme, the velocity constant is directly 
proportional to the mtensity of radiation absorbed by colloidal zmo 

oxide In fact, ** constemt for a particular wavelength. 


which mcreases with mcrease In the quanta absorbed. 

(7) The quantum efficiency is much less than unity 

(8) The photo-active range of ZnO and consequently its absoiption extends 

up to the mercury violet, i e , 436 jup 


Wmther has studied the light absorption of ZnO m the ultraviolet by its effect 
in reducing the fluorescence of mercurous chloride with which it is mtimately mixed. 
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He gives a curve for ZnO with a maximum at 360 /j.fi and a minimum at about 300 
Goode\e from a study of the diffiiso refleotmg power of the sohd ZnO has obtained 



the absorption spectra of ZnO He has observed that there is a sharp fall m the 
reflecting power of the powder at 385 nn and the curve becomes flat agam at a re- 
fleotmg power of about 2% and remains unchanged as the wavelength u decreased. 
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The rapid fall in the reflecting power indicates the entry of a strong absorption band 
with a fairly sharp threshold at the wavelength The hght of wavelength below 
this threshold, reflected from the powder, undoubtedly comes from the front surface 
of the particles—this acoountmg for the flatness of the curve From these observa¬ 
tions Goodeve has ooncluded that zmo oxide absorbs in the near ultraviolet, which 
IS exactly the region m which the oxide is found to be photoactive 

The results of the present authors show that the photoactive range and con¬ 
sequently its absorption extends oven up to the mercury violet, i e 436 n/j, From 
a recent mvestigation on the formation of from water m presence of sohd 

ZnO as a sensitiser, Narasimhachan and Qureshi have drawn similar conclusions 
The foUowmg mechanism will explain all these characteristic features — 

The colloidal zmo oxide surface is completely covered with a ummoleoular 
layer of the dye-molecules even at very low concentration of tlie dye It is re¬ 
markable that the absorption of radiation by the dyo-moleoulos directly does not 
lead to the photoreduotion by reaction with glycenno But a dye-moleoulo can bo 
brought mto activated state by reoeivmg energy from the elementary spaces of 
the colloidal zmo oxide surface which is also excited by the absorption of radiation 
The low quantum efficiency may be due to two reasons — 

(а) Only a small fraction of the radiation absorbed by the colloidal ZnO is 

available for the activation of the dye molecules adsorbed on the surface 
of the colloidal ZnO, or, 

(б) the velocity of reaction between activated molecules and the reductant 

adsorbed on the surface of ZnO is so slow that most of the former 
reverts spontaneously to the normal state It is difhcult to decide 
between these two possibihties 


The velo< ity is given by 




(0 


where C'* is the surface concentration of the reductant Aooordmg to Langmuir 




JiiOa 


(») 


where 6’* is the concentration of reductant m solution 


or 


When Cg is very large, Ks+Kt (7* may be taken equal to K^Cg 
A a? 1 £i 

A« “ Nhv Kt 


(ui) 


That IS, the velocity constant is independent of reductant concentration when 
the latter is high as has been expenmentally found to be the case 

At a lower concentration of glycerme, /fj cannot be neglected m comparison 




.^+x. 


(iv) 


Hence 
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That is, at low concentration of reduotant, plotted against l/Ogiyoerina 

should give a straight line This has been found experimentally. 

The velocity of reaction has been found to be proportioIUd to the mtensity of 
absorbed radiation as is demanded by equation (i) 

The rate of reaction and consequently the quantum]|^e£Soienoy is greater m 
medium of thixotropic alummium hy^oxide sol than that m alummmm hydroxide 
gel This 18 not m agreement with the observations made by the authors m their 
work on the photo r^uotion of feme chloride by mandehc acid m media of thorium 
phosphate and thorium molybdate sols gels (Part II of the senes) where they have 
found equal rate of reaction m both sol and gel states of thonum phosphate and 
thonum molybd^ as media 

This discrepancy may be explamed by the observations made by the authors 
that the number of colloidal zme oxide particles diminishes with the addition of 
coagulatmg agent, e g , K2S04 with the consequent dimmution m the rate of reaction 
The particles of zmo oxide become bigger with additions of coagulatmg agent with 
the result that the specific reaction surface becomes reduced The foUowmg table 
will clearly show that the approximate number of particles observed by means of 
an ultramicroscope with a very narrow sht opening is much smaller m the gel phase 
than m the sol phase, the concentration of colloidal zinc oxide bemg the same 

Tabu« xm 

Concentration of Colloidal Zino Oxide — 8 1 X 10-*M 
„ Alummium hydroxide = 47 6 x 10-*M 

,, Oiycorme =8Gxio-*M 

[KjSOd—0 OM *3 2 X 10-*M 

n—30 6 

where n = approximate no of partioles instantaneously visible m an ultramiorosoope 
with a very small sht openmg 
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PHOTOCHEMICAL STUDIES IN SOLS AND GELS PART II 

The BEDucnoN ov Ferric Chloride by Mandklio Acid in light oe 
DIFFERENT FREQUENCIES IN MeDIA OF ThIXOTROPIO TuORIUM PhOSPHATB 
AND Thoeidm Molybdate Sols and Gels 

By Sir J C Ghosh, Kt, D8e, F N I, S K Bhattachabyya, D 8c and 
R Banerjbe, B 8c , Department of Pure and Apphed Chemistry, 

Indian Institute of Science, Bang<d^e 

(Received August 10, read August 30, 1946 ) 

In the present investigation we have used thixotropic thorium phosphate and 
thorium molybdate sola and gels as solvent media as they are transparent and 
perfectly colourless and have studied a very simple reaction—the pLotoreduction 
of feme chloride by mandeho acid in light of wavelengths 366 and 43Gp[x Tfie 
kmetioB of this reaction were studied, in details, m the aqueous phase by a number 
of workers, notably by Eder, Jodm, Lemomc, Ross, Wmther and Oxolt-Howe, 
Komfold and Mencke, Ghosh and Purakayastha, Purakayastha, AUmand and 
Young, Komfold, Talpade and Bavdekar 

In aqueous {ihase and with mandeho acid as a reductant, Ghosh and Pura¬ 
kayastha (loe cit) have shown that (i) the reaction is zero-moleoiilar with respect 
to feme chloride, (ii) the zero-molecular velocity constant mcreases with moreasmg 

concentration of the reductant and m fact, plotted agamst 

gives a straight hne, (ui) the velocity constant is directly proportional to tho m- 
tensity of absorbed raiation, (iv) the velocity constant vanes very shghtly with 
moreasmg concentration of hydroohlono acid, (v) tho quantum efiBoienoy was 
found to be 1 06, 1 18 and 1 36 m wavelengths 488, 448 and 390fi/i respectively 
The reaction has been studied m media of (1) thorium pho^hate and thonum 
molybdate sols, (2) thorium phosphate and thorium molybdate gels, and (3) water, 
and a comparative study of the photoprocess has been m^o under these conditions 
The reaction may be expres^ by the equation, 

2reCl,-f CaH6CH(OH)COOH = 2FeCl2-|-2HCH-C02+CeHiGH0 

Section A —deals with the photoreduotion of feme chloride by mandeho acid ui 
iinpolansed light of wavelengths 366 and 436/ip 
Section B —deals with the photoreduotion of feme ohlonde by mandeho acid m 
polarised hght of wavelength 4:ZQpp 

Experimental 

The eimenmental arrangement was the same as was described by the authors 
in Part I of this senes with the foUowmg alteration —■ » 

(a) The reaction cell was 4 cm X 4 cm x 1 om thick and mode of plane glass 

plates fused mto one another with a stopper at the top for measure¬ 
ments m unpolansed light 

(b) For measurements m polarised hght, a circular corex glass cell of 1 om 

thickness and 2 6 o o capacity was used 

Reagents 

Kahlbaum’s extra-pure femo chloride, Merck’s extra-pure mandeho acid, thonum 
nitrate, potassium phosphate (KHtPOi), potassium iodide, hydroohlono aoid and 
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sodium thiosulphate and sodium molybdate supplied by B D H were used For 
makmg solutions bi-distiUed water was used 

Preparation of thorium phosphate sol and gel 

Thonnm phosphate sol and gel were prepared acoordmg to the method of 
Prakash and Dhar by mixmg 0 26 c o of a solution of potassium phosphate (22 0%) 
with 6 0 0 of a solution of thorium nitrate (48 14 g /litre), makmg the total volume m 
all oases to 6 o c The mixture on shaking for 3 mmutes and allowmg to stand for 
6 imnutes gave a transparent, colourless and vist ous sol whioh set to a firm gel after 
4 hours 

Preparation of thorium molybdate sol and gel 

Thorium molybdate sol and gel wore prepared accordmg to the method of 
Prakash and Dhar {loc cit ) modified to some extent by Mata Prasad Hal 6 o c of a 
solution of thonum nitrate (48 14 g /litre) were taken m one test tube and m another 
test tube were taken 1 6 o o of a solution of sodium molybdate (3%), 1 6 o o water 
and 2 0 c of HOI (0 IN) The solution contained m one test tube was poured into 
the other when a white precipitate was formed, which on shakmg for 6 imnutes, 
dissolved givmg a transparent and colourless sol, which set to a firm gel after about 
1 hour 

To study the reaction m the gel phase, the reactants were mixed m the corres- 
pondmg sol and allowed to stand m the dark until the reaction mixture set to a firm 
and transparent gel The sot reaction mixture was then exposed to monochromatic 
hght 

To study the reaction m the sol jihase, the reactants were mixed m the oor- 
respondmg sol and exposed just after mixmg to monochromatic hght The reaction 
was stopped withm CO mmutes dunng which the sol did not sot to a gel In order 
to prevent the hydrolysis of ferric chloride, a oertam amount of hydrochloric acid 
was added to the solution of feme chloride When the reaction mixtures were 
made m thorium molybdate sol or gel, a large number of air bubbles were always 
found entrapped m the viscous liquid Smoe those bubbles did not disappear 
spontaneously, they were removed before pipettmg, by the appbcation of vacuum 
A clear reaction mixture was then obtamed 

Measurement of the velocity of reaction 

Thonum phosphate as well as thonum molybdate gels, though thixotropic, 
hquefy to a very viscous hquid on shakmg vigorously and so it was found very 
difficult to pipette out the exposed reaction mixture at defimte mtervals For this 
reason 2 c c of the reaction mixture were exposed m the reaction cell each time and 
the whole amoimt was taken out m a stoppered conical flask after a definite penod 
and the feme ohlonde was estimated lodometncally by titration, m an atmosphere 
of COi, with standard thiosulphate solution by means of a imcro-burette. The 
mitial concentration of feme ohlonde was determmed m the same way 

The pH of the reaction mixture was determmed gotentioraetrio^y by usmg 
glass electrode The pH of different mixtures were kept constant by required 
quantities of HCl or KOH The pH of the reaction mixture was vaned by adding 


Measurement of intensity 

The mtensity of radiation absorbed by the reaction mixture was measured m 
the same way as was desenbed m Part I of the senes fThe mtensitv of absorbed 
radiation was measured by notmg the deflections when the hght passed through 
(a) pure solvent, t e water or pure sol or pure gel, and (6) the reaction mixture 
The difference m deflections m the two oases gave the mtensity of radiation 
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absorbed by the reaction mixture It i9 to be pomted out here that thonrnn 
phosphate and thorium molybdate sols and gels have got no absorption m 366 oi 
436/ip There is no difference m the absorption of the sol before and after 
gelation 

It was found that the mtense yellow colour produood by mixmg mandeho acid 
with feme (hloride solution m water beoamo pale yellow in media of thonum 
phosjihate as well as thorium molybdate sols and gels Tho extinction coefficients 
of femo chlonde were measured in different media by means of intensity measure 
ments, keeping the concentration of mandeho w id greater than that of feme chlonde 

and the ratio ^ constant The extraction coefficients at different 

(reels) 

wavelengths and m different media were found m the foUowmg way the deflet tions 
m the galvanometer were noted, first of all,-with tho solvent alone and secondly 
with femo chlonde and mandohe acid mixtures of known concentrations 3'he 
molecular extinction coefficients of femo chlonde were then calculated according 
to the equation, 



where « = molecular extraction coefficient, 

c = concentration of feme chlonde in gm mol jier litre, 
d = thickness of tho reaction cell m cm , 

and Iq, It are tho mcident and transmitted radiitionp measured The extinction 
(ocfficients of femo ofilonde were also measured in presonoo of varying quantities 
of thonum nitrate Tho results are tabulated m tables 1 and II 

Tabcf I 


(A) phaat * 

3fl0 Aqueous 1029 0 

,, Tliorium phosphate sol 106 2 

,, Thonum phosphate gel 1U6 2 

,, Thorium molybdate sol 217 6 

„ Thorium molybdate gel 217 6 

436 Aqueous 610 3 

,, Thonum phosphate sol 47 0 

„ Thonum phosphate gel 40 2 

,, Thonum molybdate sol 62 1 

,, Thi rium molybdate gel 62 1 


XABLb II 
A -= 366/t/i 

Concentration of feme chloride =» 1 94 x 10-*M 
,, mandelic acid — 2 24xlO-*M 

(Thorium nitrate) 10* 0 2 3 6 9 13 8 20 3 33 2 

« 1629 0 1173 0 739-0 666 7 ^8 6 366 1 

From table 11 we owi see that even a small amount of thonum nitrate lowers 
the extraction coefficient to a great extent 

The reactions which do not take place m the dark were earned out at 25°C 
The experimental data, are recorded m tables III to XV The reaction was foimd 
to be zero-molecular vith reeqieot to femo chlonde In the given tables, m media 

of thorium phosphate sol and gel, = zero-moleoular velocity constant *= changes 
m concentration of feme, chlonde m 2 o o of reaction mixture per mmute m terms 
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of 0 0 of 0 0029N thiosulphate and m'media of thonnm molybdate sol and gel, 
=s changes m concentration of feme ohlonde m 2 o o of reaction imiture per 
minute m terms of o o of 0 0017N thiosulphate 

In the tablfee, d = temperature, Jaha ” number of quanta absorbed per o c, 
per sec a — Imtial concentration of fomo chloride m gm mol per litre and 
b = Imtial concentration of mandeho acid m gm mol per litre, y = Quantum 
efficiency 


Section A 

DeUrminatton of the order of the reaetton 

i’ABm III 

= 26°C . o - 6 23X10-«M. b = 7 4xl0->M. 


,pH = 


1 74 


Time 


^ 1C* 


(I) 0 

(II) 00 
( 111 ) 120 * 


4 30 
3 84 
3 30 


7 60 from (U) and (III) 
7 60 (mecui) 


Tabue IV 

Mednun = Thorium molybdate gel A — 3e0tip 0 = 26% , a = 6 1 x 10-»M, 6 = 
labt = 1070x10'* pll - 1 42 
0 0017N— 
thio for 2 0 c 
reaction 
nuxture 


Time 


^ 10'* 


(I) 0 
(II) 30 
(in) 60 

(IV) 90 


7 30 

7 02 

8 76 

6 47 9 3 from (lU) and (IV) 


Effect of vary%ng the concentratwn of feme chloride 
Tabbb V 


Medium _ Thorium phosphate gel, J ^ 26''C pH = 1 74, Thiosulphate 0 0029N 


A 

(w) 

a 10* 

(mol ) 

610* 
(mol) 

Iab0 10-“ 

>|> 

ff 10'*//a6s 

Y 

868 

9 33 

74 

128 6 

62 

40 

0 06 


8 22 


120 9 

47 

39 

0 06 


3 11 


76 3 

30 

39 

0 06 

436 

12 44 

74 

886 8 

00 

23 

0 03 


933 


306 0 

84 

24 

0 04 


6 22 


300 7 

76 

26 

004 


3 11 

.. 

206 2 

46 

22 

0 03 



- Thonum molybdate gel, 9 = 26’C . pH = 1 42, Th.osulphate = 0 0017N 


Effect of varying the concenlratum of mandehe acid 


p)iiOfl|thrtfco pel, 9 f pH — 1 7 


rt Thorium molyhileto gel, 9 = 26'’C , pH - 1 42, ThioHulph.iU^ - 0 00I7N 
\ a 10» t> l«* in-»* 10® l"“/-foi>i > 


Effect of varying the intensity of absorbed radiation 


Medium = Thonum phosphate gel, 9 = 26“0 . pH = 1 74, Tlnosulphate = 0 0029N 

A a 10* 6 10» J^10-l» ^ 10* 1 

(uu) (mol ) (mol) At At 


300 7 
1861 
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Mi'dimn - Thorium inolvhdnte gel, = 


6°C , pll ■= 1 42, Thiosulphate = 0 00I7N 

6,10-1* lot ) 


Effect of varytng pK 


Thorium phusphivto gel, S = 26°C , Thiosulphate — 0 0020NI 


Medium = Tliorium molylnlato ( 


. e 26°C , Thiosulphate - 0 0017N 


E_ffect oj the nature of medxum. 


= 26°c , pH 1 74, a 10* = 6 22M, 6 10* == 7 4M, Thiosulpliato = 0 0029N 


306 Aqueous 

, Thorium phosphate sol 

„ Thorium phosphate gel 

4J6 Aqueous 

„ Thorium phosphate sol 

„ Thorium phosphate gel 


|fl0. |^10i*//„6. y 
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Tabm XIV 



0 ■= 

zs-o , j)H = 1 42, o 10» = 

6 IM, Thiosulphate ~ 0 0017N 


A 

(w*) 

6 10» 
(mol ) 

Medium 

^abs 


If 

y 

366 

37 

Aqueous 

142 6 

15 2 

10 7 

0 09 



Thorium molybdoto sol 

160 0 


80 

0 07 



Thorium molybdate gel 

100 0 

80 

80 

0 07 

436 

7 4 

Aqueous 

394 6 

29 0 

7 3 

OOi) 



Thorium molylKlate sol 

335 0 

24 0 

7 2 

0 00 


>. 

Thorium molybdato gel 

336 0 

24 0 

7 2 

0-06 


Sbotion B 

Ghosh and his collaborators have made an extensi\e study of a large number 
of ohemioal reactions on the surface of certain inoiganio mii ro-hetero>;eneous photo- 
catalysts under the influence of hght m various states of polarisation In their 
experiments, they have observed in certain coses a differential reaction velocity vith 
d~ and 1- circularly polarised hght of equal amphtudes 

It appeared mteresting to mvestigate the effect on the photoreduc tion of feme 
ohlonde by mandeho acid m thixotropic thorium molybdate gel as a solvent medium 


Expenmental 

The apparatus and the experimental procedure were the same as in Section A 
with the foUowmg alterations — 

The polansmg apparatus was placed between the ultraviolet filter and the 
reaction cell The polansmg apjiaiatus consists of a mcol pnsm and a glass Rhomb 
For plane polarised hght, the mcol pnsm was used and for the circularly polarised 
hght, the niool pnsm and the Rhomb were used m conjunction The desi nption 
and workmg prmciple of the polansmg apparatus have been discussed by Ghosh, 
Banerjee and Mukherjee 

The experimental results are recorded m table XV 


TABCi. XV 


A = 430fifi, 0 -- , o I0» - t 

1 IM, 6 10* - 7 4M, pH - 1 42 


Nature of light 

»•-'* If I6> 


Unpolansed 

Plane polarised— 

334 0 24 0 

7 2 

(u) Axis of vibration—vertical 

27 9 2 0 

7 2 

(6) Axis of vibration—hoiizontal 

27 9 2 1 

7 6 

Circularly polarised— 



(a) d-oiTcularly 

21-0 15 

210 16 

7 1 

(6) 1 circularly 

7 1 


Discussion. 

The reaction has the following sunilar oharaotenstios m both thorium phosphate 
and thonum molybdate gels as solvent media — 

(1) The reaction is zero-molecular with respect to feme ohlonde 

(2) The zero-moleoular velocity constant mcreases with mcreasmg concen¬ 

tration of pmndelio acid, the intensity of absorbed radiation being also 
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UK reaswl In fact, —? mcreoses shghtly with increasing 

A< 

com entration of mandehc acid 

(3) The veloc ity constant increases with increasing concentration of ferric 

chloride In fact, — remains always constant. 

(4) TLe velocity constant is directly projiortional to the intensity of absorbed 

radiation In fact, — iO^^/Fabs remams always constant for a 

particular wavelength but mcrcases with increase m the magmtude 

of the quanta absorbed 

(5) The velo( ity ((instant is prm tically independent of pH 

(bj The rate ol reaction remains the same m media of both sol and gel Init 

it 18 greater in aqueous media In thorium phosphate sol and fjel as 

media, remains the same but m water it is much 

At 

greater In thorium molybdate sol and gel as media, 

has got the same value as m aqueous medium 

(7) The velocity constant remains the same m polarised hght bavuig axes 

of vibration vortical as woU as horizontal 

(8) The velocity constant remams the same in both d and 1- circularly 

polarised light of equal amphtudes 

(9) The quantum efiioiency is much less than unity 

On the observations made by Kistlor that the dielectric constants of thixotropic 
sols remam the same before and after gelation and also on the observations made by 
Heyman that there is no change m volume of transparent thixotropic sols after 
gelation so that the average distance between the constituent particles does not alter, 
we oan exp lam the reason for the same rate of reaction m media of thixotropic sol, 
before and after gelation, by assuming that the activated feme ion deactivates to the 
same extent m media of both sol and gel 

The same rate of reeiction m media of thixotropic sol, before and after gelation, 
means that the reaction can proceed equally fast whether the water of the medium 
IS free or bound 

The quicker reaction m water may be due to a complex formation between 
mandehc acid and feme chloride as is evidenced by the deep yellow colour of the 
mixture 
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A THEOREM IN ANALYTIC NUMBER THEORY 

By S CHOWtA, Oovt College, Lahore 

(Commumoatcd by Sir 8 S Bhatnagar, P R 8 ) 

(Receded November 8, read November 22,1946 ) 

§ 1 Let p denote a prune such that p* is a factor of re, while p‘+* w not, we 
then say that ‘re contains the pnine p to the power <’ Using a recent theorem 
of Selberg (Skr Norshe Vtd Akad , Oslo, I, No 6, 49 pp , 1942) I have proved the 
Theorem 1 Let k and r be gtven positive integers Then ‘almost all' positive 
integers amtain at least r different primes m —1 (mod k), each to an odd 
power 

From this and well-known congruence properties of Ramanujan’s function T(n) 
we derive, without difficulty. 

Theorem 2 Let 6i, , Bt be arbitrary positive integers, then the congruence 

r(n) m 0 (mod 6^» 7** 23*» 691*») 

IS true for almost dll re 

In Theorems 1 and 2, the words ‘almost all’ carry the usual sense m the 
analytic theory of numbers The proof of Theorem 1 is based on the case r = 1, 
which IS well-known (see Hardy’s Ramanujan, Cambridge, 1940, p 168) In the 
general case I have not been able to accomplish the proof without using the rather 
difficult results of Selberg 

This note contains the proof for the case r =a 2 Let a(x) denote the number 
of positive mtegers re not exceeding x, such that every prime factor of re which 
is ■ — 1 (mod k) 18 contained m re to an even power Then we have (Hardy’s 
Ramanujan, p 1^) 

, 1 ) 

where 0<o< 1 emd c — c(it) 

It is easy to see that the sum 

where p is subject to (3) and (4) below 

(3) p prime, 

(4) p «i — 1 (mod t) 

represents the number of numbers n not exceeding x and such that n contains 
exactly one prime factor • — 1 (mod it) to an odd power [such n, may, naturally, 
contain any number of primes as — 1 (mod Jli) to an even power]. 

We split j8(ic) mto 2 parts, thus 

(fi) fl(*)-/8t(»)+-8,(«) 
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Here 

( 6 ) 

where p is subjeot to 


«><«>-2 “( i ) 

p prime, p ■ —I (mod k) 

p prime, p a — 1 (mod k) 

We now estimate 8x{x) From (1) we have 


and 

(7) 

where p is subject to 


where p runs through primes Hence 
(8) Siix) = Oi 


ace 

/ a:logIo8 _ » \ 

\ log*(a5) / 


Agam using the crude inequahty a{x) ^xto estimate 8t{x) we get • 
(9) S.(.)-0( 2 i) 


and p runs through primes m (0) 

To estimate (9) we use the classical result (m Prime Number Theory) 

(11) 2 

P^x 

where p runs through primes From (10) and (11) we get 

y<pg* 


(12) 
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Vrom (9) and (12) we get 

Prom (5), (8), (13) we have finally 
(14) 8{x) = 0(*) 

From the dofimtion of S[x) it now follows that almost all positive integers 
have the property that n oontains at least two prime factors » — 1 (mod k) 
to an odd power 

Befiiuiimob 

Walflgz, A (183R) ‘Zur additiven Zahlontiieone' Travaux de L'lnstaut Mathemattque de 
Tbdwax, 5, 146-162 




ON NUMBERS WHICH CAN BE EXPRESSED AS A SUM OF 
TWO SQUARES 

By R P Bambah and 8 Chowia 

(Commumcated by Sir S S Bhatnagar, F R 8 ) 

{Rtcewid November 8 , read November 22, 1946 ) 

§1 Denote by 6i ( = 1), 621 *«. 64. the numbers, arranged m asoendmg 
order of magnitude, -whiuh can be expressed as a sum of two squares (of integers) 
It IB known that (Landau 1) 

T I 

Vlog* 

where (7 is a positive constant In oonneotion with the theory of lattice points in a 
circle it IS known that 

2 l=ir* + P(*) 


u, V 



where 

(1) P(x) => 0(x^); 
and it has been conjectured that, for every positive «, 

(2) P{x) = 0{x^ *) 

We are concerned in this paper with the problem of the magnitude of the 
difference — b. More precisely we wish to seek a function f{x) such that 
between 

X and X + /(*) 

there is at least one number expressible as a sum of 2 squares for edl large x 
From (1) it follows at once that 

fix) - Oix ^), 

if (2) is true we would get 

fix) - 0(»*+') 

for every positive c 

We prove in this paper by a simple argument that (see the more precise result 
at the end of §2) 

(3) fix) - 0(*‘). 
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It has been conjectured that if (a, 6) a 1 there is (see Chowla 2) at least one 
pnmo ■ a (mod b) between x and x+x* when x>Xo = Xq (<, a, b) If this is true 
then takmg o = 1, 6 = 4, it would follow that 

m = a- 

for any fixed positive c This shows that (3) is still very far from the probable 
truth It would also be of interest to know whether (3) can be improved by 
elementary arguments 

We have to acknowledge here that the results (3) was found some years ago* 
by Dr T Vijayaraghavan by an argument not quite as simple as the one we give 
This paper has its roots in this letter of Dr Vijayaraghavan 
§2. In this section all letters denote positive real numbers 
Let e be an arbitrary positive number and x>Xo («) Let [fli] denote the 
greatest integer oontamed m g Write 

(4) t - [Vi] “ 

where 


(8) 

o^e<i 

Let (here Xi, are not nooessanly mtegers) 


- ar 


= x+2-\/^ ** 

Then 

***-*1* = 2^^ 

(fl) 

_ . 2V^* 

Xf—Xi m. ■ - 

*i+a!g 

now 

Xi = \/x—fi = V*—(»/*—^)* 



similarly for * > aV)(e) 



s 7^+15 **• 

Henoe, for a!>a:^(e), 


(7) 


Prom (6) and (7), 

/Si>i 
^ /s+r- 
V 10 

Henoe there exists an %nteger xg between xi and Xf 


* In a letter addiesaed to one of ua (S C ), but unfortunately mialald 
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Heooe 

«*+»!»< t*+a:8*<(*+a:2* 

80 that 

a:<<*4-*3*<a:+2-v/'2+« a:* 

(where t and a^s are integers). Thus we have the 

Theorem Le i • denke an arbitrary posthve number Then there exuta between x 
and x+2’\/2+€ x^ an vnixger which can he expressed as a sum of two squares (of 
integers) for dll x> Xf,(t) 

§3 Bbfebemobs 

Obowla, S (193S) ‘On tho representation of a large number as a sum of light almost equal 
cubes ’ Quart Joum of Maths (Oxford), 6, 146-148 
Landau (Hondbuch), Band 2 
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iNTBODtrOTOEY AND HiSTOEIOAL 

CoUootiona from coarse sand near low water level of the Madras beach revealed 
the abundant occurrence therem of a Pisionid which proved to be an undesonbed 
species Two other Pisiomds, Pisionidena indica (Aiyar and Ahkunhi, 1940, 1943) 
and Praegena gopalai (Ahkunhi, 1941) have been previously recorded from the 
same area 

Hartman (1939) dealing with the famdy Pisionidae, considers that since the 
type of the genus Praegeria—P remota Southern—resembles the type of the genus 
Pisume—P oeratedi Grube—the retention of the genus Praegena is unnocosaary 
Praegena remota Southern becomes only a vahd species of Pvnone—P remota 
(Southern) Hartman further finds that Pisione germarxica described by Augener 
(1924) from the North Sea is identical with Pisione remota (Southern) from Ireland 
Augener (Joe cit ) has already shown that Pisione coniracta Ehlers, from Peru, is 
identical with P oeratedi Grube Hartman therefore concludes that ‘two v^d 
species are known to occur, Piswne oeratedi Grube from Peru, Ceylon and New 
Zealand, and Pisione remota (Southern) from Ireland and the North Sea’ To this 
he adds a new genus PtsioneUa which differs from Pisione m the possassion of a 
median oirriform antenna at the anterior margin of the prostomium, three pairs of 
oimform oirri, and the longitudinal senes of spmelets on the setae tips and m the 
absence of the acicular setae from the buccal segment Aiyar End Ahkunhi (1940) 
created a third genus for an entirely different form under the name PtsioneUa, but 
owing to Hartman’s genus having pnonty, have since changed it to Ptsionidens 
(Aiyar and Afikunhi, 1943). 

Hartman’s paper was not accessible to me when my account of Praegena gopalai 
was published in 1941 Since then I have had occasion to go through his paper 
and I am now oonvinoed that it is unneoessary to retam the genus Praegena P 
gopalai thus becomes Piawne gopalai (Ahkunhi), and it forms the third vabd species 

1 Thesis, m port, aoooptSd for the Degree, Master of Science, of the University of Madras 
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of the genus The present form also belongs to the genus Ptstone and it possesses 
all the peculiar features oharacterising the family I^omdae as illustrate in the 
accounts of Ptswnidens mdtca and Ptstone gopdlai However, it shows a number of 
features peculiar to itself and in the following pages I propose, to desonbe it as a 
new species under the name Pmone complexa 

Extbbhai, Chaeactebs 

The worms are comparatively large and measure about 10 to 25 mm m length 
m the mature condition The number of segments varies from 70 to 100 or even 



a 


Tkxt »io 1 Pirume oompteza, ap nov 

(a) Anterior end of the worm ahowing the oepbahc appondagoa, body slightly 

contracted, drawn from specimen m spirit X120 

(b) Posterior end of the worm, from life x200 

one , anal cirrus, br , brain, ba , bucoal spine, do bp , dorsal cwrus of buccal parapodium, 
pa , palp, VO , ventral cirrus, vc bp , ventral oimis of buooal parapodium 
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more The oephftlio appendages are sumlax to those of P gopaht The ventral 
cirri of the first pair of parapc^a are only shghtly elongated (Fig la) The buccal 
apmes are devoid of any serrations at the tip and are shorter than those ofP rtmoUi 
A pair of eyes ore present attached to the brain Parapodia are comparatively 
smaller than those of P gopalai The setigerous lobe is bifid at the tip where there 
are two papillae, the larger one of which becomes broader and foliaoeous towards the 
posterior region The setigerous support is identical with the same in P gopalat 
and consists of two acioula and five setae in each loot, excepting in the first and 
the last four or five, in each of which there are only four setae The body tapers 
considerably towards the posterior extremity The anal segment is quite simple 
and resembles that of P remota (Fig 16) It is a button-shaped structure to the 
posterior extremity of which is attached a pair of long anal cirri swollen at the 
base and gradually tapermg to the tip At the posterior extremity of the anal 
segment ore aggregated a few coiled hypodermal glands the secretions of which serve 
for adhesion, like the secretion from the pygidial glands of P gopalai 


Body-wall 

' Transverse sections ore usually circular in outhne but may be shghtly compressed 
dorso-ventrally (Figs 6 and 8) The epidermal layer m very thiUj^and the nuclei 
stain hghtly The circular muscle layer is moonspionous and can be made out only 


ept 


laxT-Fio 2 Pimont comfltxa, sp nov 
(o) Trtuisverae section of the gtomach showing the musculature x 267 
(6) Nerve area—anterior region X400 

(c) Nerve area—stomach region x4<M) 

(d) Nerve area—^middle region x400 

bl, basement tissue, om , circular muaole, cu, cuticle, ept, epithelium, ge , ganglion eells- 
hg , hypoderm, ims , longitudinal muscle, om . oblique muscle, pe , punctated substance, <rc . 
transverse oonneotive, vim ,iventral longitudinal musole 
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at the aidee The longitudinal muscle bands form an almost complete wall to the 
body cavity They are better developed than m the other species and m the ventral 
bands the folded edges usually come very near each other, thereby approachmg the 
condition in Pisionidem tndtca {Aiyar and Alikunhi, 1940) -JL'ho nerve area is 
located between the folded inner edges of the ventral longitudinal muscle bands 
(Fig 26-d) The coelomio membrane lining the body cavity is extremely thin 
Epidermal glands are mostly confined to the sides of the body 

Coelomio corpuscles, oval, circular or diso-hke, float freely m the coelomic fluid 
in the anterior segments 


Aumentart Canal 

The various regions of the alimentary canal are similar to tho^ described in 
P gopalai, except for some minor differences snoh as the greater development, 
generally, of the musoulature, and especially the presence of a layer of circular 
muscles internal to the longitudinal muscles of the stomach and intestine, and the 
larger size of the cells constituting the inner epithelium of the stomach (Fig 2o) 


Nbbvous System 

The posterior lobes of the brain are short and extend only into the anterior 
part of the third setigerous segment (Fig lo) The anteriorly dircoted dorsal cirri 
of the buccal parapodia are supplied by a pair of slender nerves which aiiso from 
the anterior part of the oesophageal commissures The origin of these nerves from 
the oesophageal commissures is evidence that those structures are modified parapodial 
cirri The commissures fase together m the second setigerous segment, to form the 
ventral nerve cord In the anterior segments the two cords stand rather apart 
and at the ganghoiuo swellings there are distinct connectives m between (Fig 2b) 
In the front region the ventral longitudinal muscles being poorly developed, the 
nerve area is very broad. In these segments a part of the gangliomc swolhng hes 
on the inner aspect of the muscle band, on each side (Fig 26) Externally to the 
nerve cord occur the basement tissue, the thin hypodorm and the cuticle It is 
difficult to make out the circular muscles in this area The obhque muscles are 
powerfully developed and are inserted into the basement tissue below the nerve 
cords At the level of the stomach the nerve cords come closer together and the 
punctated substance m each half assumes a semi-ciroular outhne (Fig 2c) The 
ventral longitudinal muscles are better developed here and in consequence the 
nerve area is deeper and narrower than m front This condition is maintained 
in the hinder regions of the body also 

The nerve cord has lost the primitive condition of bomg in contact with the 
hypoderm In the absence of the circular muscle coat m the nerve area P complexa 
resembles the Glycendao (Olyatra cajntata) whorem ‘the great external circular 
muscular layer ceases before reaching the nerve area, so that externally the latter 
has only the hjqioderm and the specially developed cuticle’ (McIntosh, 1877) But 
in 0 eap'^aia the ventral longituffinal muscles form an arch over the nerves, thereby 
differing from the condition in P oompUxa 

As in P gopalat, the nature of the ganghomo swelling in the ventral nerve chain 
18 peouLar Examined m the hvmg condition, under the microscope, each segment 
shows a big ganghomo enlargement, the major part of which lying in the segment to 
which it belongs, while a small part extends into the segment in front This is 
clearly seen m whole mounts (Fig 3a) A pair of podial nerves arise from the mom 
portion of the ganghomo sweUuig and each of these enlarges into a prominent ganghon 
situated at the base of the parapodial lobe and then prooeeds further into the latter 
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A second pair of very slender nerves originate from the anterior portion of the ventral 
gangba and innervate the muscles of the body-wall 



Tbit no 8 Ptsume eomplaea, sp nov 

(а) Diagrammatic reprcRentation of four gegments of tho worm, from a whole 

raoimt stained in Dolafiold’s haomatoxylia, showing the vontraJ ganglia ond 
their disposition 

(б) Transverse section of the nophridial ewoUing x 1200 

(o) Longitudinal section of tho nophridial swolimg and solenocytcB X 1200 
(d) Beoonstructed diagram of a solonocyte 

^, oilium, A , flagellum, ff, ganglion, , intciganglionio region, ned , nephridial duct, 
ne Inephridial lumen, nm , nerve to muscle, n* , nephridial swelling, nu , nucleus, pg , para- 
podial ganglion, pn , parapodial nerve, sol. solenocyte 


Exoebtoby Systbim 

Excretory organs m the form of paired nephndia are present m all the segments 
exoeptmg the anterior five Tho nephndium ends mtemally in the form of a 
swel^g projecting into the body cavity from the postenor comer of the segment 
In gener J structure it shows close resemblance to that of P gopaiat Tho first two 
or three pairs of nephridia are larger with a larger number of solenocytes The 
nephridial swelhng^has a spewuous cavity which is richly oihated and is almost circular 
in oroes-section (5^ 3b) The cells forming the nephridial swellmg are large, 
though their boundaunetf cannot be clearly ma^ out The nuclei stam but hgbtly 
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The 8oleno( vtes are situated on the anterior face of the nephndial swelling and have a 
crowded appearance (Fig 3c) Each solenooyte has a broad base and tapers gradually 
to the tip There is no distinction into a cell-body and a flagellum-carrying tube 
(Fig Sd) There is a narrow lumen and a long flagellum, attaolj^ to the wall at the 
distal extremity, works rapidly down the lumen The nucleus is elongated and 
has a boso-lateral position (Fig 3c) The nephridial duct at its commencement 
describes one or rarely two spirals before piercing the septum to open at the base 
of the ventral cirrus 

Nothing IS known of the nophridia of Ptstone oeratedt and PtawneUa hancockt 
In PiBionidens muluxt and Ptawne gopalat the nephndial system has been shown to 
be very much like that di'seribed by Goodrich (19(X>) for a number of phyllodocids 
In Pieione remota (Southern) which also occur in the Madras beach—an account of 
the nephridia and the reproductive organs of which will form the subject matter of 
a separate communication—^th© nephridia are similar to those in other pisiomds 
As the foregoing account shows, in Ptatone compUxa also there is that phyllodocid 
type of nephridium There is the same nephriibal swelling from which solenooytos 
arise Only the solonooytes lack a flagellum-carrying tube distinct from the cell- 
body—a condition which is mentioned for the fiirst time It will thus bo seen that the 
affimties of the Pisionidae are altogether with the Phyllodocids, Nephthyds and the 
Glydends, m the structure of their excretory organs 

The nephridia undergo modifications m the genital segments and these will be 
described in detail along with the reproductive organs 

Reproduotivk System 
Male 

Teeita 

The males ore usually smaller than the females The reproductive organs are 
highly localised and are invariably found to be developed after the 30th segment 
In the mature male the testes are developed m a varying number of separate segments 
The smallest mature specimen examined was one with 38 setigerous segments and 
this had a single pair of testes situated in the 32nd segment In a specimen with 
66 setigerous segments testes were developed m segments 32 and 44, while another, 
18 mm long and with 98 segments, had 6 pairs of testes occurring m segments 32, 
44, 66, 61, 71 and 77 respectively In yet another with 100 setigerous segments 
only four pairs of testes were developed and these occurred in segments 36, 38, 68 
and 82 respectively The arrangement therefore is not regular 

The worms probably mature when they develop about 38 to 40 segments and 
then there is only a single pair of testes, situated in one of the postenor segments 
Growth in length continues by the addition of fresh segments at the posterior end 
and along with this at varying intervals fresh testes groups are al^ developed 
This, therefore, accounts for the occurrence of individuals with varying number of 
testes, sperm-sacs and oopulatory organs m various stages of development The 
maximum number of tost^ developed depends upon the length of the worm, but of 
the numerous specimens examined none has been found to possess more than six 
pairs of testes 

Each testis is invariably confined to a single segment which always precedes 
the one carrying the sperm-sacs (Fig 4) It ongmates as paired cell proliferations 
attached to the septum and has a thin outer limiting membrane, which is clearly 
visible in transverse sections In the later stages of maturity the testis becomes 
smaller and less conspicuous owmg to the bberation of sperms 

Sperm-aaca 

Each testis is invariably followed in the next segment by a pair of sperm-sacs 
which become associated with a pair of oopulatory organs (Fig 4) The nephridia 
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in the teetiB-bearmg segments are inconspicuous and a pair of gemtal funnek of 
about 4 to 6 times the size of the unmodified nephridial swellmg becomes associated 



That fio 4 Ptnone compUxa, sp nov 

Qenital segmeuts of a mature male showing the distribution of the reproductive 
organs X 200 

cop , copiilatory process, dc , dorsal oirrus, d »pa, duet of sperm sac, ap , sperm, ap a , 
sperm sac, (, testis 

With them When fully formed these funnek are situated close to the body-wall, 
on the dorso-lateral aspect of the reduced nephridial swelling (Figs 4 and 6) They 
are deep spoon-shaped structures with oihated margins The aolenocytea of the 
nephndia of these segments get shorter and inconspicuous and can be distinguished 
under high magmfioation oidy by the characteristic downward lashing morement 
of their flagella The nephridial lumen is narrow and the gemtal funnel opens mto 
it at the point where it pierces the septum There is no loop or coding of the 
nephridial duct before its piercing the septum and in this respect ako the nephridia 
of the testis-bearmg segments differ from those of other segments Behind the 
septum, the nephridial duct runs down to a short distance and then sharply bends 
upwards and forwards to get enlarged mto a narrow thin-walled sac (Figs 4 atnd 6) 
ftoceedmg further, it narrows and bends sideways and baokwarck and runmng 
almost straight down, enters the oopulatory organ It is mteresting to note that this 
second descending pdrtion corresponds to the highly spacious, muscular, second 
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dilatation m the spem-sao of P. gopalax Therefore, m this form even though there 
ifl a well developed sheath of ciroidar muscles surrounding the hmd portion of the 
sperm-sao, the nephrichal duct is not distended mto a second saccular portion In 
hving specimens the surrounding muscles are not very conspicuous The hberated 
sperms are thickly packed inside the saocular portion The mtenor of the sperm sac 
18 powerfully ciliated The external duet on entering the oopidatory organ enlarges 
imperceptibly, forms a loop about the middle of its course and is oontmued to its 
external opening situated at the tip of a papilla (Figs 4 and 6) 

The parapodial nerves are stout and at the outer edge of the ventral longitudmal 
muscles they turn mwards and enlarge into a pair of gangha which come to bo 
situated close to the ventral wall of the sperm-saos (Fig 6a) From each of these 
gangha a stout nerve—corresponding to the nerve to the parapodial lobe—is given 




Tsxt Tio 6 Pxaxone eompUxa, tp nov 

[a) Transverse section of the sperm-sac segment of the male showmg the nerves 

aruing from the ventral nerve cord going to the sperm-sacs x 640 

[b) Transverse section of the posterior part of the sperm sac segment showing the 

glandular pad on the ventral side x 640 

al 0 , alimentary canal, co or ,i proximal part of oopulatory orgAn, dim , dorsal longitudinal 
muscle, gllh, glandular thickenmg, gwpt, ganghon to sperm-sao, no, nerve cord (Other 
letters as in {^lons figures ) 
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off which proceeds to the tip of the oopolatory organ along the dorsal aspect of the 
sperm-sac The presence of this nerve throws hght on the homology of the 
copulatory organ discussed in a subsequent section 

In the sperm-sac boarmg segment the longitudinal muscles are very much 
reduced The dorsal and ventral bands are strictly confined to the dorsal and 
ventral sides respectively (Fig 6a) The ahmontary canal is pushed dorsad and is 
in the form of a narrow tube The available coelomic space is thereby moreased and 
it is mainly occupied by tho sperm-sacs Towards the hinder part of this segment 
a fairly thick glandular pad or thickening is formed ventrally (Fig 56) The cells 



Tbxtvio 6 fUtone eompUxa, sp nov 
Magnified drawing of aporm aac and oopulatory organ of one side x400. 
aba, prooetaea of oopulatory apparatuat oof, ewiiouluin; m», muscular sheath; tugf, 
nephridial awelltng and genital funnel, tpp .spmouapapilla, op , veatigeal papilla (Otherletters 
aa m previous figurea.) 
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fonnmg this thickening have darkly staimog nuclei of various shapes It is probable 
that this glandular pad m P complexa serves at least to some extent the function of 
the ventral suckers m Pxaxontdena tnd%ca and are probably epidermal glands specially 
developed for purposes of adhesion during copulation 

Copvlatory Organs 

The number of copulatory organs vanes from 1 to 0 pairs, or even more 
depending upon the number of pairs of sperm-sacs and testes developed Each 
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(o) Sperms from tlie male—-fresh preparation x 1200 

(6) Sperms f«)iu the male—from a smear stained in DetaHeld’s haematoxylm 
X1200 

(0) Copulatory organ—early stage x267 
(d) Copulatory organ—later sta^ X 267 

(«) Transverse section of the nephndial duct in the genital segment of a developing 
male xl200 

ao, acrosome, t«, compoimd seta, h, head, n, neck, ns gj nephndial swellmg and 
rudiment of genital funnel, r pi, reduced parapodiimi, ta , tail (Other letters as m previous 
flguree) 
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oopulatory organ is an elongated, non retractile structure, about twice the size of the 
normal parapodium In the segment carrying the oopulatory organs the dorsal 
cirrus of the parapodium remains unmodified Th< main lobe of the parapodium 
has undergone extreme reduction and is representeil only by a minute vestigial papilla 
(Fig 6) Its setigerous suppoit consists of only two acicula, compound as well as 
simple setae being absent From the ventral aspect of the base of the vestigial 
papilla representing the parapodial lobe, is given off a broad fohaoious structure 
ending in a curved papilla providtd with palpocds (a in Fig 6) As will be shown 
later, this papdla represents a highly modified ventral cirrus, and probably forms 
pwt of the oopulatory apparatus Such a structure is tiitircly lackmg m P gopalat 
From the ventral aspect of this papilla arises a hnger-hke process which divides 
distally into two The ventral one of those processes is elongated and carries at 
its end a mmute, retractile, spinous pad just behmd the tip (c in Fig 6) This 
spinous structure corresponds to the muscular papdla so conspicuous in the oopulatory 
organs of P gojxilax The efferent duct of the sperm-sac runs through the dorsal 
process to open to the outside at the tip of a conical papilla (h in Fig 6) 

Sperms 

Sperms when liberated pass into the coelomic space of the testis segment They 
do not usually spread into the neighbouring segments To the naked eye the testis 
and sperm-sac bearing segments appear white The sperms are non-motile Each 
sperm is slender and elongatwi and measures about 40 to 46 microns in length, 
including the flagellum The acrosomo is prominent but blunt and measures about 
4^ (Fig 7a) The nuclear portion is oval in outline, more refractile than the 
aorosomo, and measures about 3 4 microns The neck portion followmg the head 
18 longer, about 6 microns, narrow and tapering to the posterior extremity whence 
commences the long flagellum measuring about 28 to 30 microns 

Higher magnification reveals that at the commencement of the neck there is a 
minute granule, probably representing the oentnole 

Development of Spebm-saos anh Coptilatoey Oeoans 

The formation and differentiation of the adult sperm sacs and oopulatory organs 
have been followed by examining a number of developing male specimens, in various 
stages of maturity Figures 7c to 7e illustrate some of the stages In the segment 
that IS destmed to develop the sperm-sacs in the adult, the parapodium is very 
much reduced An unmodified ventral cirrus is absent whde the dorsal oirrus remains 
unchanged Two aoicula and one compound seta support the reduced parapodial 
lobe From the ventral aspect of this lobe arises a conspicuous structure which is 
sub divided mto two, the dorsal one of whieh, judging from its position, seems to 
correspond to the ventral cirrus of the unmodified parapodium (a m Fig 7c) The 
rudiments of the genital funnels are present in association with the nophridia, in the 
form of a few large oeUs ('iha are not yet developed The nephridial duct is 
considerably thicker than in other segments and runnmg down almost straight, 
enters the base of the newly formed ventral structure and proceeding forwards opens 
at the tip of the ventral of the two processes into which it is divided (6, Fig 7c) 
Testis IS developed in the preceding segment but is small and does not fill the com 
partment At this stage there is no trace of the sperm-sacs in the segment carrying 
the developing oopulatory organs 

In another specimen, shghtly more advanced in development, the setigerous 
lobe in the segment carrying the developing oopulatory organ was smaller and had 
lost the compound seta which was present m the previous stage The dorsal of the 
two processes—the modified ventral cirrus—mentioned in the previous stage is 
elongated (a. Fig 7d) The ventral process, now very much enlarged m size, sphts 
into two by developing'a broad, slightly curved structure ventrally (c, Fig Id) 
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The papilla carrying the efferent duct of the nephridium has further elongated 
and 18 bent at right angles (6, Fig Id) The rudiments of the gemtal funnels aro 
larger and have developed a central lumen with a crown of vibratile oilia This 
lumen has attained communication with the nephridial duot'*us m the fully mature 
spooimeii The neyihridial swelling is very much reduced The nephridial duct has 
a straight course m the body and there are no saccular expansions in its course 
Immediately behind the septum the nephridial duct is prominent and broad It 
has a thiik wall, the constituent cells being highly protoplasmic The nuclei are 
largo and closelj situated and form an almost complete ring surroimdmg the central 
cihated lumen (Fig 7e) In the region behind the duct gradually becomes narrow 
and thin-walled On entering the copulatory organ it has assumed a similar course 
as m the mature specimen The testis in the preceding segment has undergone 
further development and cell division and oocupios the major portion of the segmental 
chamber 

In the next stage the developing oopulatory organ assumes the adult condition 
The nephridial duct behind the septum makes a bend and enlarges into a saccular 
portion as m the adult Behind this soooular portion a thick mnscular covering 
18 developed around the nephridial duct The testis is fully developed and a few 
sperms have been liberated into tho body cavity The essential parts of the adult 
sperm sac have now been differentiated, and m the next stage which is tho fully ripe 
condition, more sperms are liberated from the testis and aro carried down tho 
nephndial duct to bo stored in tho sporm-sac It is, therefore, quite clear that tho 
adult sperm sac is formed by the differentiation of tho simple straight nephridial 
duct The latter thus becomes the sperm-duct and m so functioning as a passage 
for the genital elements to the exterior, has undergone some transformatory changes, 
and in this feature tho Pisionids aro more specialised than most of the polyohoetes 

A oompanson of the structure of the oopulatory organ with that of P gopalai 
18 instructive As has been described, the entire structure m P gopalax is com¬ 
paratively simple, there being develop^ only a single papilla, oarrying the efferent 
duct of tho sperm sac, besides tho reduced parapcSial lobe which later gets com¬ 
pletely suppressed leavmg no trace behind In tho correspondmg stage m P oomplexa 
we get two additional processes makmg the structure more oomphoated Agam, a 
compound seta is never present m the reduced parapodium of the segment carrying 
the oopulatory organs m P gopalax, at least when the worm is attaining sexual 
maturity for tho time (see below) 

The structure of the developing oopulatory organ suggests its probable ongm 
In the segment which is destmed to become the gemtal segment the parapodium 
consists of a dorsal cirrus, a highly reduced mam lolm, and tho developing oopulatory 
organ The ventral cirrus has undergone considorablo modihcation Normally, m 
the non-gemtal segments the nephridial opemng is situated below the ventral cirrus 
Now, judging from the position of tho developing oopulatory apparatus in relation to 
the parapodium, it seems probable that the fanger-like process immediately ventral 
to the reduced mom lobe of the parapodium corresponds to the ventral cirrus (a m 
Figs 6, 7c and Id) The body-w^ below this modified ventral cirrus, and probably 
partly from its base, undergoes a projection, lengthens out and sphts into two 
processes, the dorsal one of which oarries to its end the nephndial duct, while the 
ventral one undergoes further differentiation, becomes flattened and develops a 
pad of spmous processes We must, therefore, regard the oopulatory organ proper 
as bemg formed almost entirely de novo from the side of the body-wall This, together 
with the adjoining higlily modified ventral cirrus may be said to constitute the 
oopulatory apparatus 

Female 

The ovaries are confined to the second-half of the body and usually 6 to 20 pairs 
(rf them are developed They are highly localised and definitely paired m ongm. 
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Eaoh_p^ 10 Situated within the oonfines’of a single segment Transverse sections 
reveal the presence of an extremely thm membrane covering the ovary In the 
ripe individual the segmental chamber is fully occupied by ova and distinction 
between the right and the loft ovary is lost With the expansion of the ovarian 
mass the great longitudinal muscle bands are extremely reduced The hypodermal 
layer is very much attenuated, and the alimentary canal is considerably narrowed 
and pushed very much dorsad (Fig 8) 



Transvorso section through tho poBtonor region of an ova liearing segmtiit of a i ipe 
female x 640 
gf, genital funnel, o , ovum 


The reduction m tho thickness of musculature and its partial atrophy is a 
common feature in the sexually mature forms of various polj chaetes and such changes 
have bi'on noted m considerable detail in several families (Fogo and Legendre, 
1927) In tho present case, however, tho musculatuio only undergoes reduction 
without any actual destruction Fage and Legendre (loc c%t ) and Caullory and 
Mesnil (1898) have given detailed accounts of tho modilications undergone by the 
digestive tube m the genital sogmonts of a number of polychaetos In certain 
forms in tho sexually ripe individuals tho alimentary canal is so pressed by the 
gonads that the inner sides of tho intestine are appbed one against the other, without 
leaving any space m between, with the result that the digestive tube is no longer 
functional and the ammal cannot nourish itself during this period In such forms 
as Eulalui jmnettfera when the segments are relieved of the genital elements the 
alimentary canal assumes its normal cohdition and becomes functional again But 
there arc others m which hystolysis takes place in the contracted region of the 
alimentary canal, which, m consequence, gets disuitegrated and the animal does 
not survive oviposition Instances in point are met with in certain Phyllodocids, 
Qlyoerids, Cirratulids, etc In P comjplexa even though the digestive tube in the 
gemtal segments is greatly attenuated, there is no fusion ot the mtestmal walls 
and it is probable that the organ carnos on its usual function, at least m a restricted 
sense, throughout the sexual penod The worm survives oviposition and resembles 
Eviaha pwict%fera m that the digestive tube assumes its normal dimensions when the 
gemtal elements are sh^ 
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Each ovarian segment is invariably followed by another in which ova are never 
developed but in which a pair of rooaptaoula seminis are situated (Fig ft) The 
ovaries and the receptaoula sominis, m other words, have an alternating arrangement 
In a worm with 60 setigerous segments 8 pairs of ovaries wore dssyelop^ in segments 
41, 43, 46, 47, 49, 61, 53 and 66 respectively, while in the intervening segments 
were situated the corresponding pairs of receptacula seminis The number and 
position of the receptaoula seminis, therefore, depend upon the number and position 
of the ovarian groups In this locahsation of a certain number of segments for the 
ovaries and an equal number solely for the receptaoula seminis, P complexa differs 
from P remota but closely resemblos Ptsianukns tndica, even though in the latter 
each ovarian group extends through more than one segment 



Tbxt mo 9 Ptttone oonpUsca, sp nov 

Oenital segments of » ripe female showing the arrangement of the various struoturea 
X200 

ot p , ouTtform process, rs , reoeptaoulum seminis 

The parapodia of the segments m which the receptaoula seminis are situated, 
are unmodified In ripe inihviduals from the ventral aspect of the base of the 
parapodium of the particular segment, arises an elongated papilla with the nephridio- 
reoeptaoular aperture (see below) at its base (Figs 9 and lOh) This process is 
larger than either of the par apodal oim It corresponds, in the female, to the 
highly developed oopulatory organ proper of the male Such a structure is absent 
m P gopalat In P^moneUa hancockt Hartman (1939) figures such a cimform 
structure attached to the ventral basal aspect of the parapo&al lobe 








Text to 10 Puume comptexa sp nov 
<o) Long tudinal ueot on of tl e nopl r d um an I the asso ated gen tel funi el of a 
r pe female x ISOd 

(6) Long tudmal (hor tontel) sect on—female—showing the oponmg of the nephr 
dial duct into the d stel port on of tho reoeptaoular du t Note the c rr form 
strocturs at the base of which the duct op^ X 600 

(c) Sperms from the reoeptaoulum semm s of the female x 1800 
d f» duct of reoeptaoulum seminis ep expanded portion tm » reduced nephr dial swellmg 
« nrd nephr dio reoeptaoular opening) rii refract lo bodies 
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A pair of well-developed genital funnels are present in each of the ova-bearing 
segments (I'lg 9) These funnels m the fully mature condition are about twice the 
size of those in the males and become closely associated with the nephridia The 
relative position of the nephridium and the gemtal funnel same as in the 

male Each funnel is in the form of an inverted spoon mih. the two edges of it 
projecting beyond above the highly reduced nephndial swelling (Fig 8) In other 
words, the funnel is hood-like with the concavity directed ventrally A transverse 
section passmg through the anterior region of the funnel is m the form of an inverted 
V or U, while further behind the gap between the hmbs of the U gets closed up 
by the nephridial swellmg (I’lgs 8 and 10a) The wall of the genital funnel is formed 
of a single layer of large cihatod cells, the nuclei of which stam hghtly In the 
nephridial portion the nuclei of the 8 olenoc 3 rtes take deep stain (Fig 10a and b) 

It may be pointed out that nophridia still function m the tostis and ova-bearing 
segments, though in a reduced condition, and the oihated funnel is only grafted on 
to the dorso-lateral aspect of the nephridial swelling—a condition which generally 
resembles the relationship between corresponding orgeuis in the PhyUodooidae and 
the Glyceridae In this connection the relation between the gemtal funnel and the 
nephridium m Ptstomdens tndtea may bo recalled in that the nephridia in the genital 
sements do not undergo any reduction in size or difference in structure, but that 
omy a large conspicuous odiated funnel is grafted on to it for the conduction of the 

K tal elements to the extenor—a condition much the same as m Phyllodocids 
reduction in size of the nephridial swelling m the gemtal segments of Ptsume 
gopalat has already been desonbod (Alikunhi, 1941) This reduction in size and the 
highly inconspicuous nature of the protonephridium when associated with the 
genital funnel make these composite structures in their fully developed condition, 
superficially resemble the typical nephronuxia of the Hcsionids, Spionids, Sylhds, 
etc, but the presence of solenooytes funotiomng at least m a reduced condition 
along with the gemtal funnel is proof that their real structure is on the Phyllodooid 
plan 

After piercing the septum the nephridial duct runs^down between the alimentary 
canal and the rooeptaoulum seminis At this stage it is wide and powerfully ciliated 
Further down it proceeds along the ventral aspect of the reooptaculum seminis 
and gets narrow (Fig 11) The reooptaculum seminis is a closed thm-walled sac, 



Turno 11 Ptnone ootTtplespa, sp nov 
Traaavene Motion poMing through » pair of reoeptaoula leiauus x 800. 
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usually contauung spermatozoa It is not ciliated mternally The cells m its 
at the closed end are extremely flattened The sac opens to the exterior, as 
already mentioned, at the parapodial base on a special process (!Fim 9 and lOt) 
The external duct is thick-walled, the constituent cells being jiarge and protoplasmic 
It IB further thickened by the development of a thin layer of circular muscles Some 
distance in front of the external opemng of the duct of the receptaculum seminis, 
the nephridial duct joins the former, with the result that there is only one common 
extemsd aperture—the nephridio-reoeptaoular aperture, as m the case of P gopalat 
(Fig 106) 

Structure of Sperms imthtn the Receptacvlum Semrnts 

The presence of copulatory organs in the male and receptaoula seminis contaimng 
sperms, m the female, point to the occurrence of copulation, but I have not been 
able to observe the process The arrangement of the accessory reproductive 
structures, however, suggests that the process might bo similar to that described in 
Ptstontdens But gemtal papillae or suckers are absent in Pmone and adhesion 
between the copulating m^viduals may be brought about by the large flattened 
process of the copulatory organ, with the help of the specially developed glands on 
the ventral surface of the sperm sac bearing segments, and probably also by the 
modified ventral cirrus 

Mature females are invariably found to have been inseminated The sperms 
inside the receptaoula seminis have undergone metamorphosis and as m P gopalat, 
the new modifications have apparently taken place after their transference to the 
receptaculum semmis The sperms when pressed out of the receptaculum seminis 
are seen to be loosely held together by a sticky fluid, probably secreted by the wall 
of the receptaculum seminis itself There is no formation of spermatophores 

Each sperm has developed a broad, more or less circular anterior extremity 
which IS marked out from the succeeding region by a distinct constriction (Fig 10c). 
The expanded portion probably represents the aorosome The nuclear portion that 
follows the constriction is spindle-shaped, with the tapermg neck region behmd. 
The sperm measures up to 28p, of winch 8 microns are made up by the anterior 
expansion and the head, while the rest, by the flagellum 

Certain variations from the structure described above are often met with in 
some mdividuals It might be that these variations are progressive stages before 
the final condition is arrived at, but I have no confirmatory evidence on this point 
In some of these sperms the broad anterior expansion is found to be partly bisected 
by a deep median indentation (Fig 10c) In some others the constriction that 
follows the anterior expansion is very muoh elongated in the form of a connective 
The median indentation may be absent in some In sections the nuclear portion 
takes a deep stain and is circular in outline The sperms have undergone a distinct 
reduction in size as compared to those from the sperm-sacs of the male. How this is 
effected and how the changes are brought about, I am not now m a position to explam 
The changes undergone by the sperms wMe inside the receptaoula seminis, m 
P gopalat, have already been described m detail The sperms being non-motile 
the remarkable transformations undergone by them after copulation seem to have 
something to do with ensurmg fertdisation by the development of an adhesive 
structure which would enable them to adhere firmly to the surface of the female 
gamete at the first contact. 

In this connection it may be pomted out that somewhat similar instanoes of 
‘metamorphosis’ of the spermatoz^ m the reoeptaoula seminis have been noted 
in Molluscs Ikeda (1929) has described an instance of metamorphosis of 
spermatozoa m the Japanese slug PhyUmteas btltneatus Benson Similar instanoes 
have also been observed by the same author m other slugs like P fruhetobet, Evltmax 
fiavus, Ltmaeella agrestts, etc. In P. btUneatus, Ikeda says that the mature 
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spermatozoon stored m the reoeptaoulum seminis has no tad, but only a sperm-head 
and that the metamorphosis takes place in the atrium after copulation During 
metamorphosis the head and the middle piece get separated from each other by the 
formation of a slender filament in between, and finally by the breaking of this filament 
the connection between the two is severed Ikeda is finally mchned to beheve, on 
the evidence of his own experiments, that this metamorphosis of the spermatozoon 
IS probably related to the mechanism of fertilisation rather than to the prevention of 
self-fertihsation in the hermaphrodite moUuses 

In the case of P compleaxL the sexes being separated the prevention of self- 
fertilisation as a reason for metamorphosis of the spermatozoon does not arise 
In this case also it is therefore probable that these changes, as su^ested before, 
have something to do with the mechanism of fertihzation A detade^nd compara¬ 
tive study of the metamorphosis of the spermatozoon m this and other Pisionids is 
being made m the hope that it would be possible to throw some hght on this exceed¬ 
ingly interesting phenomenon 

The ova are large, greenish in colour and m the fresh condition have big 
transparent nuclei Sections show that m the early oocyte the nuclear portion is 
more or loss clear with a circular central darkly staining nucleolus In the fully 
formed ovum the nuclear portion takes a greyish tmgo with iron haematoxyhn, 
IS rather opaque, and usually has an inner clear area The nuclear membrane is 
present The nucleolus has undergone division and portions of it have already been 
passed mto the surroundmg cytoplasm The details of these changes bemg outside 
the scope of the present paper are not now considered 

When mature, the ova are hberatod into the body cavity and are attracted 
towards the wide mouth of the gemtal funnels by their cihary action They are 
then taken into and passed down the enlarged nephridial duet As m the case of 
P gopala%, it is beheved that as the ova pass down the nephridial duct the sperms 
that are stored mto the reoeptaoulum seminis are also sent down which would 
enable them to get fertilized just prior to, or immediately on their being extruded 

Chahoks atteb Lxbhhatioh of Gbnitai, Elbmhnts 

The account that is given below is based upon observations of the changes 
occurring m a number of mdividuolB after the shedding of the gemtal elements 
These observations have been put together m a oonneoted form for the sake of 
convemence and oontmuity, though it should be understood that all these changes 
have not been observed in a single form Most of the observations have been 
confirmed from worms directly obtained from the beach at different tunes 

Female 

Sexually mature specimens are obtainable throughout the year When npo 
females are kept m the laboratory for a week or so the ova are completely sh^ 
Breeding takes place continuously and when the gemtal elements are shed, probably 
after a short resting period, the mdividual develops another set of gemtal dements 
It IS, however, found that in either sex the oooessory structures such as the oopulatory 
organs, sperm-saos, gemtal funnels and reoeptaoula seminis are gradually lost after 
the shading of the gemtal elements. 

With the shedding of the ova the gemtal funnels begin to get smaller The 
reoeptaoula senunis, some of them still oontammg sperms, are pushed nearw the 
anterior septum and their external ducts show signs of hystolysiB. The nephridial 
duct 18 nnohanged The ovary has returned to its immature condition and is now 
represented by a small mass of tissue 

Prolonged oa^vity results m further ohan^ The gemtal funnels disappear, 
with the result that the nephridial swellings of the respective segments stand out 
prominently. There is no trace <ff the receptaoulum seminis. The nephridial duct 

SB 
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now oommunioates independently to the exterior The cirrus like structure, 
developed from the parapodial base is absent The worm now looks just hko an 
immature one, with just a trace of the ovary 

Male 

A similar series of changes take place in the males also The testis becomes 
reduced and is often represented by mmuto groups of cells surrounded by sperms 
The genital funnels are also very much reduced and portions of the sperm-sao show 
signs of histolysis Ckipulatory organs still retain their outer sliape, but internally 
histolysis has commenced At a later stage the genital fuimels, sperm-sacs and 
copulatory organs are all completely shed and the dorsal oim alone persist in the 
gemtal segment (Fig 12) The segment is now nonsetigerous, the acioula also 
having been cast off 



Tbxt no 12 Pttione oomplexa, sp nov 
Middle segments of a male worm showing the gemtal segments from which sperm 
sacs and copulatory organs have been drop^d oft x 200 
nM, non setigscous segment 


The changes undergone by the nephndlal duct are evidently more oomphoated 
here than in the female Since m the nude gemtal segment the external opening of 
the nephndlal duet—mpdified into the gemtal duet—^is situated at the tip of the 
oopulatbry organ, the question arises whether the nephndia in these segments 
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function when the sperm-sacs—mere dilatations of the nephndial duet—and the 
oopulatory organs are undergoing profound histolysis which culminate in their 
entire loss With the disintegration of these structures it is clear that the nephridial 
duet bohmd the septum is also lost It is therefore, highly prohable that the nephridia 
m these segments do not function when histolysis is takmg place and that the 
nephridial swelhng which now stands alone m the testis bearmg segment develops a 
fresh external duet by the time the ventral oirms and parapodial lobe are developed 
in place of the oopulatory organs (see below) 

At a later stage &osh parapodia begm to develop from either side of the segments 
in which sperm-sacs and copidatory organs were present (Fig 13) Ventral cirrus 
IS formed Compound as well as simple setae are develop^ m the newly formed 
parapodial lobe These parapodia get further elongated and m this condition 
differ in no way from the parapodia of the non-gemtal segments The testis is very 
mmute and like the ovary has returned to the undevoloj^d condition The segment 
still contains some worn out sperms in the coelom (Pig 13) The ultimate fate 
of these sperms is not fully known Smoe the nephridia have no direct internal 
opemng, with the dismtemation of the gemtal^ funnels and sperm sacs these sperms 
are effectively prevented from being taken to the extenor In the males, therefore, 
the accessory organs aro lost before the gemtal elements are completely shed 



Tizt no 18 Pttwne oomfiexa, sp nov 
Middle segments of a male that has oast off the sperm saos and other aooeseoiw 
structures, developing ordinary parapodia Note the condition of the fresh 
parapodia and the preaenoe of sporms in the preceding segment x 2Q0, 
dp, developing parapodium, 
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Changes of a similar nature taking place m PtonosyUu nea^ttana have been 
described by Goodrich (1930), but in the male segments of this hermaphrodite sylhd 
the testes are always in a well developed condition, apparently ready to produce 
more sperms This is not the case in P compleaxt '\VQiether any change takes place 
in the sperm-sacs of PtonbayVLu is not known 

It IS clear that the reproductive organs are lost and renewed probably several 
tunes m the hfe history of an individual But the time taken for the development of 
the first set, the mterval between its loss and the formation of the next, are points 
that remain to be elucidated 

Second Gbheeation of Reproductive Organs 

The second sot of reproductive elements is developed m the very same segments 
which oontamod the first, since the remnants of the ovary or the testis as the case 
may be, are present in those segments in an inactive condition In the male, the 
parapodia of the segment following the testis, though resembling the others, 
wore smaller and their bases were considerably swollen (Fig 14) The ventral cirrus 
was absent and in ita place there was a broad papilla with a swelhng at the base 
On this swelhng was situated the external aperture of the nephridium, the course 
and appearanoe 8f which were simdar to those of the nephridial duct in the developing 
oopulatory organ (Fig 7e) The absence of the ventral oirrus at this stage and the 
presence of an enlarging papilla in its place defimtely shows that the normal ventral 
cirrus IS bemg modified during the formation of the oopulatory process Also the 
swelling at the base of the enlarging ventral oirrus supports the conclusion arrived at 
proviouky that the actual oopulatory process is formed as a prolongation of the 



Text na 14 Ptttone eomplexa, ap nov 
Beseueration of oopulatory organ—early stage, viewed from the ventral aspect 
X400 

oo,or„* developing oopulatory orgasi m ve , modified ventral ourus. 
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body-wall at the baao of the ventral cirrus A duster of cells was attached to the 
nephridial swelling, evidently forming the rudiments of the genital funnel The 
parapodial lobe was supported by two aoicula, one simple and one compound seta 
The testis was still minute and undeveloped It is to observed that in the 
formation of the oopulatory organ during me second generation the well developed 
parapodium gets gradually shorter and shorter, at the same time casting off its setae 
until only the two acioula remain In this feature it differs from its first formation 
when a well developed parapodium was not present in its place The succeeding 
stages are similar to those in the first formation of the oopulatory organ described 
above It is to be noted that a few sperms of the first generation arc still present m 
the segmental chamber It is possible that these are senile sperms which might bo 
absorbed during the increased metabolism that is taking place as a result of the 
formation of fresh genital funnels, sperm sacs and oopulatory organs It is also 
suggestive that the retention of sperms in the testis segments tiU the regeneration 
of the reproductive organs incidently forms one of the moans by which the animal 
finds material to meet the demands of the increased metabohe activity, and might 
probably explain what would otherwise seem a waste of energy on the part of the 
worm in producing more sperms than are actually used during copulation 

Might not these phenomena indicate some sort of rejuvenation of the worm 
accompanying the replacement of the once functional reproductive organs by an 
entirely new set? Recent researches on rejuvenation in other ammals seem to 
indicate that this is not altogether impossible 

SPEomo Chabaotebs 

Pxaione eomplexa n sp 

Worms 10 to 20 mm long, with 70 to 100 or more segments, cephalic region 
identical with that of Ptayme gopalat, anal segment semi-oiroular, without anal 
glands, one to six or more pairs of testes and a corresponding number of gemtal 
funnels, sperm-sacs and oopulatory organs in the male, each testis mvanably confined 
to a single segment, sperm-sao with only one saccular expansion, oopulatory apparatus 
of extraordmary complexity, parapodial lobe in the sperm-sao bearing segment highly 
reduced and supported by two acioula m the adult and by two aoioula and one 
compound seta m the earlier stage, the ventral cirrus modifi^ mto a broad papilla, 
ventral glandular pad on the sperm-sao bearing segment, sperms non-motile and of 
large size, females having up to 20 pairs of ovaries, enclosed in membraneous 
coverings, arranged m alternating segments, the intervening segments occupied by 
the paired recoptacula semmis, genital funnels m every ova-beanng segment, 
parapodia of segments carrying reoeptooula seminis unmoified, nephndio-reoepta- 
oular ajierture situated on a special oirnform structure vontrally to the parapodium, 
and sperms within the reoeptacula seminis also non-motile but with highly expanded 
anterior extremity 

Looahty Madras beach, India 
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Introduction 

Tho distribution of the chromosomes in a distillery yoast to the two daughter 
nuclei during mitosis presented some inteiesting variations (Subramaiuam and 
Ranganathan, 1 Q46b) While, in many, the distribution was equal, t aoh getting four 
chromosomes, in others it was unequal, owing to chromosome lagging, and nuclei 
with two, throe, five or six chromosomes were formed These diploid, triploid, 
pentaploid and hexaploid cells appear to disintegrate after a few divisions since 
they could not be isolated in wort-agar plates 

From investigations on animals (WTiite, 1046, Koller, 1043) and plants (Dar¬ 
lington, 1942) it appears that variations in tho amount of heterochromotin not only 
upset the nucleic acid motabohsm of the cell but even alter tho timings of mitoses 
and often result in sterility Mutation is suggested to be the cause of these varia¬ 
tions Can such an explanation be extended to include the lithal mutations in the 
distillery yeast ^ Do yeast chromosomes carry hoterochromatic regions * 

Though m the distillery yeast all except tho tetraploid have only a short span 
of existence, tho four original strains having distinct morphological characters 
isolated immediately after exposure of a brewery yeast to low temperatures for 90 
days (Subramamam and Ranganathan, 1946d) have given nse to 16 different 
strains having distinct characteristics 

A cytogenetical analysis of tho above depends, therefore,^on an elucidation 
of what happens in yeasts when the ohromosomes are duplicated and whether yeasts 
have heteroohromatin 

Literature 

A perusal of the hterature on the roaottons of yeast to biologically active sub¬ 
stances indicates that almost similar effects could be produced by a variety of 
chemicals (Bauch, 1941, 1942, Fabian and McCullough, 1934, Thaysen and Moms, 
1943, Levan and Sandwall, 1943, and Thomas, 1946) The conclusions drawn by 
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different investigators appear, however, to bo different While Bauch (1941, 1942) 
claims production of tetraploids and even octoploids, Thaysen and Moms (1943) 
considered the change to be ‘deep seated’, while Thomas (1946) suggests a ‘plas- 
magono mutation’ Levan and Sandwall (1943) consider that thoir results do not 
justify a comparison of the effects of various chemicals on yeast with the colchicine 
effect on higher plants 

All the above tentative conclusions are, however, uncorroborated by critical 
pyfologioal investigations Entire dejiendonco on morphological data is often 
misleading, for, agencies which induce iiolyploidy also produce gene mutations 
(Korkia, 1939, Darlington and La Cour, 194(») 

Any comparison between the cell division of yeasts and cell division of higher 
plants should be based on a clear appreciation of the different mtervals at which 
duplication of cells takes jilaco in different organisms (Darhugton, 1937, Darhngton 
and La Cour, 1940) While yeasts divide almost every hour in well-aerated wort, 
intervals between ivisions in higher plants have been known to extend m some 
oases to a week or more Thus, while yeast can thooietioally be converted into a 
tetraploid by treatment of very short duration, longer treatment is necessary to 
produce a tetraploid seedhng Another important observation on higher plants 
Ignored by workers on yeast is that it has boon possible to produce ootoploid plants 
only very rarely by a single treatment (Dermen, 1940) 

Our own experience with a particular strain of yeast confirms the above 
observation After three months of treatment wo obtained only a tetraploid (Subra- 
maniam, 1945) T.ack of reahsation of the impoitance of the above observation 
has resulted in different conclusions being drawn from almost identical observations 
Richards (1938) found that when oolchicine is present, a maximum crop was produced 
m a single growth cycle In such cultures alcohol and other products of fermenta¬ 
tion were found to bo greater Acceptance of Richards’ suggestion that colchicine 
not only buffers the medium but is also a food, necessarily depends on proof that the 
cells ha\ o not become polyploid A careful perusal of Richards’ paper shows that 
his coltlucine cultures differed from the controls (1) in having only a single growth 
cycle, and (2) in their increased fermentative activity as evidenced by increased 
output of alcohol and increased utilisation of sugar The difference may be as much 
due to presence of oolclucine as due to duplication of chromosome sets 

Though many substances have been known to induce ‘colchicine mitosiB’, 
few are useful for the production of polyploids Apart from colchicine the largest 
number of polyploids have been produced by treatment with aoenaphthene Even 
in the selection of a suitable chemical for induotion of polyploidy in yeasts several 
factors have to be taken into consideration Recent experiments have shown an 
antagonism of ethyl alcohol to oolchicuio Levan and Ostergren (1943) found 
that while the threshold value of oolchioino for AUxum was 0 0065%, ui the presence 
of 0 6% alcohol oven 0 008% was found to be ineffective The moreasing percen¬ 
tages of alcohol produced during fermentation may therefore desensitize the yeast 
to the action of colchicine 

Organisms differ m their sensitivity to different polyploidizing agents The 
Gramineae differ from the Leguminosae in their sensitivity to aoenaphthene 
(Kostoff, 1038b) While C-mitosis could be induced in wheat by different substances, 
flax reacts only to colchicme (Simonet and Guinochet, 1939) Ulva, a green alga, 
reacts only to aoenaphthene but not to oolohiomo (Lovan and Levnng, 1M2) 

Thus, if we take the four factors into consideration, viz (1) that yeast cells 
should be compared to whole plants and not to individual cells of higher organisms, 
(2) that action of a short duration may bring about a duplication of chromosomes 
in yeasts, (3) that biologically active substances do not generally produce higher 
polyploids among treated seekings by a single treatment, and (4) that the tetra¬ 
ploids and octoploids may have a shorter generation time, then, the observations 
of various workers show a remarkable coincidence 

3B 
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Results on higher plants indicate that chromosome duphcation may produce 
entirely different types of tetraploids ‘ (1) There may occur an appreciable mcrease 
m size of each vegetative cell m the tetraploid individual while the total number of 
cells making up the plant remains relatively the same as in the diploid form, con¬ 
sequently, the tetraploid plant appears larger than the diploid individual Most 
of the changes following polyploidy appear to fall mto this category (2) An mcrease 
m cell volume may follow a doubhng of chromosomes, but there may be a decrease 
in the total number of cells making up the tetraploid plant, therefore, the tetraploid 
mdividual will not appear different from the diploid (3) The doubhng of the chro 
mosomes may not have any effect on the size of the cells The polyploid individuals 
remain mdistingmshable except probably in aoxual and m some obscure physiological 
behaviour’ (Dermen, 1940) 

It would be well to remember that volume changes in induced polyploids depend 
not merely on an increase in the number of chromosomes but also on the occurrence 
of particular genetic factors in the organism The possibility of different types of 
gene mutations being inducetl by different biologically active substances has also 
to be kept in view 

The results of previous workers on yeast, when analysed m the light of the 
above considerations faU mto two sejiarato groups (1) polyploidy with augmenta¬ 
tion of size appears to be bkoly when cultures are treated with camphor and borneol, 
and (2) polyploidy without any remarkable increase in size in cultures treated with 
oolohicmo (Levan and Sand wall, 1943, Thaysen and Morns, 1943, Richards, 1938, 
Bauch, 1941, 1942) 

Though a large number of observations have been recorded on variation in 
yeasts, the ahaence of cytologwal data haa reavlted %n on absolute laek of mtenafor any 
rational analysis of the changes occurring in yeasts when treated with hwlogwally active 
avAstances Many workers have recorded the tendency of the variants to revert 
to. their original morphological condition A careful perusal of the literature shows 
that variants themselves are of two types (1) ‘saltants’ and (2) ‘Dauermodifloations’ 
(Hennci, 1941) Both these seem to occur m cultures either spontaneously or when 
exposed to cold or the action of polyploiduing or caroinogonic substances We do 
not know yet how many of these variations are the result of changes m chromosome 
number and how many to causes such tw deficiency (duphcation) and gene mutatipns 
(Subramamam and Ranganathan, 1946a) Even in higher plants the origin of 
aneuploid individuals and chimeras after colchicine treatment still awaits a rational 
explanation While some consider that such aberrations are the result of partial 
instead of total arrest of chromosome division, others have shown origin of such 
individuals by multipolar divisions of some polyploid nuclei (Dermen, 1940, Kostoff, 
1938b) 

The unstable nature of some of the mutants and the ‘ sporting’ behaviour of the 
distillery yeast observed in this laboratory (Subramaiuam and Ranganathan, 
1946b) led me to a closer study of the problem of chromosomal behaviour in yeast 
and compare it with that m higher plants and animals One curious observation 
on the structure of the chromosomes in the distillery yeast appeared to be sigm- 
fioant In Caxnoy iron haematoxyhn as well as in Feulgen shdes-^ihe chromosomes 
were ‘ghstemng’ The cause of this 'glistenmg’ appears to be due to the chromo¬ 
somes havmg a hghtly stamed core and a ohromophile cortex While m the control 
Sc 9 (Subramaniam, 1946a) such a phenomenon was not observed, m material stained 
while the culture^ were undergomg treatment with acenaphthone a similar staining 
reaction of the chromosomes was observed 

Levan (1945) has reported recently deviations m the staining quahties of chro¬ 
mosomes when treated with morgamo salt solutions Not only could he observe 
the relational spirals of the two half chromatids clearly, but the heterochromatio 
remons retained the stam yhen the other regions of the ohromosomee had lost their 
eolour. 
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To understand the different staining reactions of the ohromoeome when it 
becomes duplicated, we have to turn to the results on higher plants and animals for 
an explanation Evm there the whok matter remains stM as a speculation Ponte- 
corvo (1044) says It is implicit in the view expressed here that-a heterochromatio 
sogmont should arise every time that a mmute euchromatic region undergoes repeated 
duplications m the genotype and the replicas romam adjacent to each other on the 
chromosome ' Mather (1044), on the other hand, states ‘The functional distinction 
between the two kinds of gone must not, however, be held to imply that one type 
I an never change into the other So far as the effect on the phenotype is concerned 
it would not seem impossible that the polygene of relatively small effect could 
become the major gene of relatively large effect if the developmental history of the 
organism became elaborated in an appropriate way ’ 

Are we seeing in yeast chromosomes a transformation of a part of the ouohro- 
matm into hoterochromatm ^ Is the chromophobio interior of the chromosomes 
the hoteroohromatin * 

Increase in the rate of cell division is said to bo associated with increased syn¬ 
thesis of nucleic acids by the cell, this again being supposed to be regulated by the 
action of heterochromatm (Thomas, 1046) The shorter generation time of the 
major strain of Torulopsis produced by Thaysen and Morns (1943) necessarily 
presupposes such a senes of events Since the amount of alcohol produced by any 
strain depends on its gome make up and since duplication of the genes should in all 
probability k'od to increased alcohol output, it necessarily follows that the cells 
should produce increased (jiiantities of nucleic acids It is only the nboso nucleic 
acids which arc concerned in cellular syntheses (Caspersson and Schultr, 1940, p 612) 
If wo extend the concept of the important role of nucleoproteins in cellular 
synthesis to yeasts also (Henneberg, 1916), then the increased concentration of 
both types of nucleic acids in the major strain of Thaysen and Morns (1943) 
appears mtelhgible Production and regulation of nucleic acids is said to be in¬ 
timately associated with the heterochromatio regions, for, it is stated ‘Hetero- 
ohromatic regions have the capacity (1) to form large amounts of thymonuoleic 
acid (or better perhaps, thymonucleoproteins) in the chromosomes themselves, 
(2) to form or affect the composition of the nucleoli, (3) to affect the charactenstioa 
of neighbouring regions translocated to them in such a way as to change the develop¬ 
mental effects of these regions in somatic cells, ami (4) to affect the content of the 
ribonucleic acids in the egg cytoplasm of Drosophila’ (Schidtz et al , 1940, p 621) 
Looked at from different angles, the occurrence of heterochromatm in polyploid 
yeasts appears to be a possibility 

Material and Methods 

The accidental choice of acenaphthene for expenments on yeast necessitated by 
non-availabihty of even colchicine was a happy one, for, its valuable feature appears 
to bo its lack of toxic properties (I^van and Ostergren, 1943) As quahtative 
mvestigations should precede quantitative ones, experiments were devised more 
with an idea of producing polyploids than to gauge the effect of differing concen¬ 
trations of acenaphthene on the mitotic cycle The workers who discovered that 
acenaphthene could successfully bo used for the induction of polyploidy m plants 
have stressed the importance of having an undissolved excess of the substance, as 
a ‘saturated solution alone was not sufficient to induce chroisiosome doubhng’ 
(Kostoff, 1938a, p 763) 

Yeast could be made either to grow or ferment Therefore an attempt was 
made to bring as far os possible growing cells under the action of acenaphthene 
Tubes oontaimng 24-hour cultures were well shaken and the contents poimed out 
Freeh wort was added to the tube and the few cells left in the tube were distributed 
unifonnly throughout the medium by vigorous shakmg A loop &om the above, 
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which would usually contain not more than 60 cells, was mooulated into the ex¬ 
perimental tube oontaimng a few crystals of acenaphthone and about 10 c c of wort 
Every day most of the material was discarded and the same quantity of wort was 
added and the crystals of acenaphtheno wore renewed By this method actively 
growing cells were exposed to the action of acenaphthene and the above procedure 
was continuad for 90 days Bauch (1942) has stressed the importance of tem¬ 
perature at the time of treatment, but the control of temperature was thought 
unnecessary in the present instance because of the prolonged treatment Examina¬ 
tion of the contents of the tube was earned out every day After the third day, 
every 24-hour culture would show a layer of small cells at the top 

Since vigorous growth has been noticed in higher plants immediately on return 
to normal environment after treatment with polyploicLzmg agents (Kostoif, 1938o , 
Nebel and Buttle, 1938b, Munteing and Runquist, 1939), the acenaphtheno treated 
culture was kept in an active condition in wort before isolating the various typos 
of cells by their distinct colony characteristics in wort-agar plates 

A description of the immediate oytological olfoots of acenaphtheno on active 
cells of the brewery strain So 9 (N C T C 3,007) having only two chromosomes 
(Subramamam, 1940a) was hold up pending a preliminary analysis of the cytology 
of the now typos produced (Subramamam, 1946, Subramamam and Hanganathan, 
1940a) by 90 days’ treatment This was just to confirm tho suspicion based on a 
careful perusal of the literature that higher polyploids may not ooonr evem on con¬ 
tinuous treatment It was thought that if such a confirmation was av ailable it may 
enable a correlation of the contradictory results obtained by different workers on 
the effect of colchicine on yeasts 

The observations recorded m this paper, however, are the results of a oytological 
investigation of the immediate effects of acenaphthene on growing colls of tho above 
two ohiromosome strain Since few colls are introduced at the beginning, the time 
of fixation was arbitrarily fixed at six hours m order to got sufiiciont material for 
preparing a few slides Tho oontonts of the tubes wore oentnfuged at regular 
intervals to get a senes showing the chromosome stages (Subramamam, 1946a) 
Unsolved teohmoal diffioulties have jwevented a study of the first mitosis under 
acenaphthene treatment and hence the results recorded are those of later divisions 
from acenaphtheno cultures 

Confusion of volutin with chromatin was avoided by choosing oiiltures of oells 
with clear cytoplasm showing no granular inclusions (Caspersson and Brandt, 1941) 
and fixed m Bourn or Carnoy to prevent the mitochondria vitiating tho picture The 
slides were stained in Heidenhain’s haematoxylm 

Obsebvations 

The nucleus of the yeast preparmg for division may be observed as a vacuole 
enclosing a chromophile moss having an irregular shape (Eig 3) The staining 
of this chromatin mass is uniform and it divides into two and soon after mto four 
as the indentation in one of tho chromophile masses in Fig 4 would suggest Or, 
the nuclear vesicle disappears and the ohromatm mass first assumes an urregular 
vesicular shape with a ohromophde nm and a ohromophobic interior (Fig 5) before 
dividmg into two very similar bodies having an identical shape and structure (Kg 1) 
The differentiation mto ohromophiho and ohromophobio remons appears at this 
stage even m those chromophile bodies which appeared uniformly stamed at the 
time of division of the initial chromatin mass (Figs 3 and 4) Division of tho two 
bodies 18 not simultaneous as Figs 2 and 7 would indicate One of the bodies 
divides first (Fig 2) and then the other (Fig 7). This appeairs to bo the typical 
tetraploid metaphose condition which appears to be suooe^ed by the typical ana¬ 
phase illustrated m Fig 12 * Among the laige number of cells seen in any field, 
though four ohromosome stages predommate (Figs 7 and 13), oells showmg other 
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chromosome numbers are also present The two imtial ohromophile bodies may 
give rise by division to four ohromosomos, two of which may differ in siko (Fig 6) 
One pair of these chromosomes may differ not only in size but also m structure A 
pair of vesicular chromosomes and two chromatin grains oco«r in the oell illustrated 
in Fig 8 In Fig 10 may be seen three vesicular chromosomes and three granular 
ones On careful examination of large numbers of cells it appears as if these granular 
chromosomes are the result of unequal division or breakage of the chromosomes and 
that they eventually dismtegrate The vesicular shape of the chromosomes in cells 
undergoing treatment with aconaphthone renders it impossible to judge the exact 
cause for such inequahty m size between the two daughter chromosomes Since 
the mutant isolated from cultures grown under normal conditions after undergomg 
treatment for 00 days with acenaphthene showed two unequal chromosomes 
(Subramamam and Hanganathan, 1946a), the question of fragmentation and trans¬ 
location of bits of chromosomes have to be seriously consider^ 

The occurrence of tnploid anajihasos (Fig 16) suggests either disintegration and 
loss of one chromosome or the non-division of some chromosomes, the later segrega¬ 
tion of ihe SIX ohromosomos into two groups and the reconstitution of two nuclei 
each with three chromosomes The occurrence of pentaploids and triploids (Figs 
9, 10,11, 14,15 and 16) suggests the latter possibility Colchicine and acenaphthene 
though they inhibit spindle formation do not, however, have any effect on the 
streaimng movomonta of the cytoplasm (Nebol and Ruttlo, 1938a) Observations 
on the control suggest that apart from the spindio, the streaming movements also 
play an important role in the distribution of the daughter chromosomes or the 
reconstituted nucleus to the bud (see Pictographic summary, Subramamam, 1946a) 
Unco ordinated division of the cliromosomos into chromatids and streaming move¬ 
ments may explain the curious disposition of the chromosomes in Figs 9, 14 and 15 
Thus in Figs 14 and 15 one of the ohromophile bodies appears to have divided 
giving an odd number of chromosomes The possibihty that m the majority, the 
ultimate division of all the bodies may finally be followed by the anaphase illus¬ 
trated in Fig 12 18 worth consideration since jiontaploid anaphases have not been 
noticed m the material While in Figs 9, 14 and 15 five chromosomes are present, 
in Fig 17 there are six, two of which appear to be considerably bigger than the rest 
In Fig 18 there are seven bodies, the result probably of non-division of one of the 
chromosomes, which when completed would probably proceed later to the anaphase 
shown in Fig 12 

The behaviour of the chromosomes m both plants and ammals under oontmued 
treatment appear to be similar ‘The sequence of events is similar to that described 
by Levan (1938) m AlUum The chromatid attraction lapses and the division of 
the centromere takes place, but the two chromatids remam parallel Either a single 
resting nucleus, which will bo tetraploid is produced or several unbalanced nudei 
which will degenerate’ (Barber and Callan, 1943, p 204, Kostoff, 1938b) 

The vagaries of different types of cells from different plants to identical concen¬ 
tration of these chemicals are slowly coming to hght It is well known that after 
treatment with oolchiome aberrant forms with unchanged chromosome numbers 
also occur 

The results recorded above of the action of acenaphthene on a brewery stram 
of yeasts do not appear to be unusual The mutant with two unequal chromosomes 
(Subramamam and Ranganathan, 1946a) may he the result of a simple division of 
the oell shown m Fig 6, or the multipolar division of a oell containing eight unequal 
chromosomes The occurrence of only a tetraploid even after 90 ihiys’ treatment 
suggests that the efficiency of the chemical as a poljrploidizmg agent ceases onoe a 
duplication of the chromosomes hod occurred It is qmte likely that several types 
with unbalanced chromosome numbers may occur m the cultures. But all these 
vanous forms may have only a short span of existence since they did not appear in 
wort-agar plates. 
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Discussiok. 

Heteropycnosis of entire ohromoBomea or parts of chromosomes have been 
known for a long time In fact, the ‘oliromomoros’ of Wennch (1916) and the 
‘prochromosomos’ of Rosenberg (1909) seem to belong to this category Chro¬ 
mosomes show ddforent types of hoteropycnosis during the various stages and 
members of the same set may differ from one another oven at the same stage The 
X-ohromo8ome of Acndidae show positive hetoropycnosis during the prophase of 
moiosis and negative hoteropycnosis during tho early spormatogonial divisions 
The autosomes of the same sot, however, are positively hotoropyenotic during the 
meiotio prophase but show no reversal in the early sjiermatogomal divisions Even 
among th^ autosomes, the ‘precocious chromosome’ resembles in its staining 
capacity tho X-ohromoeomo itself (White, 1946) 

In many plants (Darlington and La Cour, 1940) such a reversibility has beim 
demonstrated Particular regions which show negative hetoropycno.sis during 
metaphase at low temperatures appear deeply stained during the resting stages 
The Y-ohromosome of Drosophila is completely hetcropycnotic and genetical evidence 
suggests that it does not carry the major genes On thw basis chromosomos or 
chromosomal regions are classified into eu- and hetorochromatic regions As in 
the case of the Y-chromosome, m tho autosomes also the hetorochromatic regions 
have been shown to exhibit a different type of genic behaviour Apart from all 
this Caspersson (1941) has shown that the protein synthesized by the genes are loss 
complex m the hoterochromatio regions 

The identification of heteroohromatio regions in chromosomes does not appear 
to be an easy affair (Callan, 1942) Though in certain plants tho chromosomes show 
the differential segments when mitosis or meiosis takes place at low temperatures, 
this method is not of umvorsal application The number of chromoceiitrcs in the 
resting nuclei (Manton, 1936) may not also be a safe guide Darlington and La ('our 
(1940) found the number of ohromooentros to correspond to the heterochromatio 
segments m Pans polyphylla but not in others In T erectum, tho number of 
clmomooentres wore fewer than the heteroohromatio segments They conclude that 
It 18 not always possible to distinguish the intercalary segments (Kaufmann, 1939) 
and that the possibihty of two neighbouring differential segments appearing as a 
single ohromocentre should be kept in view 

Mirsky (1943) suggested that beterochromatm may bo characterised as 'that 
portion of a chromosome which retains its high content of nucleic acid in the inter- 
phase when the rest of tho chromosome (the so-called euchromatin) loses much of 
its nucleic acid’ (p 28) The reahsation of the fact that the detection of hetero- 
ohromatm being not an easy affair, the failure to locate such regions by cytologioal 
methods need not necessarily indicate its absence, has led Darlington to re define it 
as ‘parts of chromosomes which are liable to remain charged with thymonucleotides 
m the restmg stage’ (Mather, 1944) 

This naturally leads to a consideration of the position of beterochromatm m 
tho chromosomes The supernumerary chromosomes m many plants and ammals 
(White, 1946, Darlinrton and Thomas, 1941) are almost wholly composed of hetero- 
ohromatm Even different tissues in the same plant or ammal may have different 
numbers of heteroohromatio supernumerary ohromosomos The eupornumcranes 
are limited to the germ track m Sorghum In 8c%ara the male and female have 
seven and eight chromosomes in their soma while the cells of the germ lino contain 
m addition a pair of supemumoranes, the'hmited chromosomes’ 

Even in the same autosome the heteroohromatio regions may be hmited to the 
areas around the centromere or they may have in addition such regions at their 
ends as also minute ones distributed at intervals Translocation of a gene to the 
heteroohromatio segment l^ads initially to irregulanties in reproduction before a 
mutation to the heteroohromatio^type (Caspersson and Schultz, 1938). Since in 
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Drosophila the inert regions contain most of the repeats {Kaufmann, 1039) it has 
been tontativ'ely suggested that inertness may be the cause of reduplication Since 
additions or deletions of the hotorochromatio segments have only slight phenotypic 
effects and since heteroohromatin carries ‘polygenes "^it has been surmised that 
‘by virtue of its complement of polygenes it must play an important part in the fine 
adjustment of the phenotype to the immediate environment and in the storing of 
the variability on which will depend the future adaptation and evolution of the 
orgamsm’ (Mather, 1944) In animals repeats represent ‘an important kind of 
“raw material” for evolution’, for, ‘mutations which would bo lethal or at any 
rate lower the viabihty of the organism if they occurred in a non-repeated region, 
may m many cases have no such disastrous consequences if they occur in a totraploid 
segment ’ (White, 1945, p 48) Polyploidy appears to have played a n/ajor role m 
the evolution of plants and the yeaat is perhaps no exception 

The specific question therefore is—whether the chromophobic portions of the 
ohromosomes in yeast ceUs undergoing treatment with acenaphtheno represent the 
heterooliromatin * Any duplication of the chromosome sets should make some set 
of genes more or less superfluous 

Before discussing the possibihty of the chromophobic portion of the chromo¬ 
somes bomg heteroohromatm, the question whether such a staimng reaction may 
not be a mere indication of the structure of the chromosome itself has to be oon- 
siderod Chambers (1926) has shown that in favourable material the chromo¬ 
somes during certain stages possess a cortex which can be optically differentiated from 
a central core ‘This structure is significant in view of the way in which the 
artificially induced chromatin filaments come to view in the prophase spermatocyte 
of the grasshopper Granules appear out of the hyaline nuclear material and align 
themselves in rows As the granules increase and accumulate, their arrangements 
about a hyaline non-granular core becomes more and more appreciable The 
definitive ohiomosomo finally results by a shortening of the core and the fusion of 
the granules into a hyahrio cortex’ (p 274) Levan (1946) found that treatment 
with many salts produced clear pictures of the internal structure of the chromo¬ 
somes 

That the lightly stained region in the chromosome m acenaphtheno material 
18 not merely a clear picture of the internal structure would be evident owing to 
the following reasons (1) The control strain shows no such differential staining 
(2) In actively growing cells of the distillery yeast under normal conditions the 
chromosomes show such a differential staimng (3) In Carnoy or Bourn iron haema- 
toxyhn and in Feulgen’s nucloal reaction an identical picture is obtained Since the 
colls under discussion differ from the control in that thoj' are polyploid, the differ¬ 
entially understamed region is m all probabihty the heteroohromatin 

In rod-shaped chromosomes the heteroohromatm occurs either intercalated 
or as contmuation of the euohromatin Not only does the amount of heterochro- 
matin differ in some groups from mdividual to individual owmg to duphoations and 
deletions, but also they show variations in amount in different tissues In Droso¬ 
phila meUinogaster the heteropyonotio region which is about one-third the length 
of the X chromosome at mitosis is represented m the sabvary chromosomes bj less 
than one-tenth its length While, in Drosophila sahvory glands the heterochromatio 
regions around the centromeres fuse to form the chromooentre, m the Chironomidae 
no such fusion occurs and mtoroalary and termmal heterochromatio regions have 
been observed 

The heteroohromatm of the autosomes have been known to differ from that of 
the sex chromosomes and it seems os if ‘there is difference between “compact 
heteroohromatm ” m which ohromomeres still form bands and “ loose heterochroma- 
tfn ” in which the remlar arrangement of the ohromomeres is entirely lost ’ (White, 
1946, p 44) Thus the range of vanations observed m the position and distribution 
of heterochromatm in anin^s and plants renden^it possible to consider the lightly 
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fltamed intenor of tho yeaat ohromosomos as heteroohromatm Very little atten¬ 
tion seems to have been paid to the location of heteroohromatm m granular chro 
mosomes We have an example of such a type in Drosophila meJatiogaster itself 
The ‘dot’ chromosome appears in salivary glands as a short strand attached to the 
ohromooentre Often botn ends of the ‘dot’ chromosome may bo attached to the 
ohromooentre showing the existence at the ends of hetorochromatio segments 

The differentially stamed region in the yeast chromosomes thus appears in all 
probability to be the heteroohromatm In certain species of Chironomidae, Bauer 
has observed that‘single bands of large “vesicular” chromomcres occur m the middle 
of a chromosome These he interprets as heterochromatic segments consistmg of 
only one band, they may also ooour at tho end of a chromosome’ (White, 1946) 
The resemblance in structure of these heteroohroraomores to the ohromosomos m 
the yeast exposed to the action of aoenaphthene is rather striking 

The peculiar position of the heteroohromatm in the yeast chromosomes mibtates 
m no way against its identification smeo Painter and Taylor (1942) describe m the 
toad discrete granules of heteroohromatm entirely removed from the chromosomes 
and still appearing to function Caspersson and Brandt (1941) suggested that tho 
volutin granules and thymonuoleic acid of yeast cells may correspond respectively 
to the hetero- and euohromatm of animals and plants 

The demonstration of a change from eu- to heteroohromatm on duphcation 
of chromosomes appears to be of oonsiderable significance 8mce gradations between 
polygenes and major genes as well as transformation of one into the other have all 
been envisaged, defimte statements based on observations on yeswt would be pre 
carious Only planned experiments on higher plants on the effect of induced pol> • 
ploidy on eu- and heteroohromatm may furnish us with any rational explanation 


SUHMABY 

1 Lethal mutations obsorvod in a distillery jeost neiossitated an elucidation of what 
happens m yeasts when the ehromosomes are duphtatod and whether yeasts ha\e hetero- 
ohmmatin 

2 A review of the effects of polyploidising agents on yeasts and higher plants is presented 
It IS suggested that if vre take the four factors into ronsidcration, viz (1) that yeast cells should 
be compared to whole plants and not to individual cells of higher orgamsms, (2) that action 
of a short duration may bring about a duplication of eliromosomcs m yeasts, (3) that biologically 
active substances genorelly do not by a single treatment give higher polyploids among treated 
seedlings, and f4) that the totraploids and octoploids may have a shorter generation tune, then 
the obwrvations of various workers show a remarkable eoineidenco 

3 Tho observations and spoeulations on the problem of lioterochroiiiatm are reviewed 
and the ^ssible occurrence of heteroohromatm m pol^Ioid yeasts is indicated 

4 Details of the method of treatment of activoly growing yeast cells with acenaphthrne 
are given 

6 The various ohromosome pictures seen during mitosis in cells undergoing treatment 
with acenaphthene are described ^e chromoaomes have e chromophilic corteic and a ohromo 
phobic interior 

6 The possibility of a chango from eu to heterochroraatin on induction of polyploid} 
IS disoussed and it is suggested that the chromophobic core of the chromosomes may correspond 
to tho heteroohromatm of higher plants and animals 

7 It IS shown that the peculiar position of the heterorhromatm militates m no way againrt 
its identification smee Caspersson and Brandt suggested a correspondence of volutin granulei- 
of yeast to heteroohromatm, while Famter and Taylor describe in the toad discrete granules 
of hsterochromatm entirely removed from tho chromosomes and still appeanng to function. 
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STUDIES ON PHYSICO-CHEMICAL PROPERTIES OF PHTHALOCYANINES 

Dbtbbmination or Molboulab Wbights of Free Phthalooyaninb and 
SOMB OF ITS MBTALLIO DERIVATIVES 

Ry M V SiRUR, B Sc , M S Mdthamna, M Sc ,8 K Bhattacharyva, D Sc., and 
Sir J C Ghosh, Kt, D Sc , F N I 

(Received August 10, read August 30, 1940 ) 

Phthalocyamnefl, since their discovery in 1928, and synthetic preparations m 
the pure state by Linstcad and his school have been materials of such absorbmg 
interest to the chemist as well as to the industrialist that it was considert'd worth¬ 
while to investigate some of their physico-chemical properties Phthalocyanmes 
combine the complexity of organic structure with the stability of inorganic com¬ 
pounds, resultmg in a new chromophore with a splendid resonance and a unique 
resistance to light, heat, acids and alkalies and to most of the organic solvents 
The structure of free phthalooyanme, as given m I, has been finally accepted as 
correct 



I II (Af <» Divalent metal) 

The structure consists of four^comors with iso-indole nuclei which are bound tiirou^h 
mtrogen atoms, so that the middle part consists of a 16 membered ring Witmit 
this rmg are fotmd two imino-hydrogen atoms (marked with asterisk) which are 
replaceable by metal This structure was assigned by Robertson and established 
with oertamty with the help of X-ray mvostigations It has been proved by Linstoad 
et al (1936) that the metal is held to the two iso-indole N atoms by primary valencies 
and IS co-ordinated with the other two N atoms to form four chelate rings, this sort 
of chelation leading to greater stability (Structure II) 

Phthalooyanme derivatives with 26 elements are known so far Their solu¬ 
bilities are anomalous Though they exhibit general similarity, there exist distmct 
differenoes depending on the constituent met^o atom and they can be classified 
into three groups — 

(a) Derivatives of Na, Ca, Hg, etc , are amorphous powder, insoluble in organic 

solvents and do not subhme The metal can be removed by ddute 
acids and some organic solvents 

(b) Stable covalent co-ordination compounds, like Cu, Ni, Zn, Pt, etc , deri¬ 

vatives They are stable towards cold concentrated sulphuric acid 
and hot alkahes and the metal cannot be separated without disruptmg 
the whole molecule They are soluble m high boilmg orgamc solvents, 
crystallise m monoclinio crystals and sublime at 600-600°C 

(c) Labile covalent co-ordinating compounds, like those of Mg, Mn, Sn, etc 

They cannot b^ crystallised or sublimed The metal is easily removed 
by iliB ftoidfl. 
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Of the various jihysico chemioal properties of phthalooyanmes studied so far, 
reference may bo made to their oxidisabihty studied by Linstead et al (1934), their 
halogonation studied by Linstead et al , their catalytic activities studied by Cook 
and by Tsmamusha and Tohonatsu, their absorption spectra studitdJhy Lmstead et al 
in a number of organic solvents like chloronaphthalene, bromonaphthalene, pyri¬ 
dine, quinoline, ethyl alcohol, acetone, and m an inorganic solvent like absolute 
sulphuric acid As regards the determination of molecular weights of phthalo- 
cyaiiincs, the only reference available in literature (other than X-ray method) is the 
determination of the molecular weight of magnesium phthalocyanme in naphthalene 
as a solvent, by ebullioscopic method studied by Lmstead and Lowe, who have 
found that the experimental value is in good agreement with the theoretical value 

The object of the present mvestigation was to determine (a) the molecular 
weights of free phthalocyanme and its derivatives of copper, lithium, chloro-chlor- 
alummium and silver m sulphuric acid by the cryoscopic method, (6) the molecular 
weight of dilithium phthalooyanine by the ebuUioscopio method in absolute ethyl 
alcohol as the solvent 

Sulphuric acid has been found to be very siiitablo for this purpose as it is a good 
solvent for the phthalocyamnos It has a high dielectric constant—greater than 
84 The comphcations due to mter-ionic forces and lon-association are of con¬ 
siderably smaller magnitude In this connection references may be made to the 
valuable work done by Hantzsch, Oddo and Scandola, Conant and Werner, and by 
Hamct et al on the determination of mob cular weights of a large number of organic 
and inorganic substances by cryoscopic methods with sulphuric acid as a solvent 

Section A deals with the determination of molecular weights of free phthalo¬ 
cyanme, copper phthalocyanme, dilithium phthalocyanme, silver phthalocyanme 
and chloro-ulumiiiium chloro-phthalooyanine by the cryoscopic method m sulphuric 
acid 

Section B deals with the determination of molecular weight of dilithium phthalp- 
cyanme in absolute alcohol by ebuUioscopic method 

Section A 
Expebimbntal 
Reagents 

Sulphuric acid Sulphuric acid (A R quality) was distilled in an all-pyrex 
distillation set under a stream of dry COj The acid distilled over without decom¬ 
position at 318°C -319°C at atmospheric pressure (690 mm of Hg) The dis¬ 
tillate was stored m an air-tight bottle m a desiccator The fuming sidphurio acid 
was prepared by heating 33% oleum m the distillation flask and absorbing the 
evolved SOs into distilled H2SO4 This fuming acid was also preserved m an air¬ 
tight bottle inside a desiccator 

Free phthalooyamne and its vurious derivatives were prepared accordmg to 
the methods of Lmstead e< al 

KHSO4 Merck’s A R quality KHSO4 was used m this mvestigation 
Apparatus and Experimental Procedure, 

For determining the freezmg pomt Beckmann apparatus was used with the 
followmg modifications to prevent absorption of moisture (1) The rubber and 
cork stoppers were replaced by ground jomts A and B as shown in Fig 1, (2) For 
stirring the following simple arrangement was made A rubber tube is plac^ over 
the side tube C and another glass tube passed through it A shghtly thinner glass 
rod 18 introduced into the latter tube ana connected to the platinum stirrer by means 
of a flexible wire as shown in Fig 1 The stirrer was operated by band There is 
httle friction and the sealing was almost complete. This was further protected by 

IB 
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another glass tubing whenever stirrer was not in operation For recording the 
freezing point a Beckmann thermometer readmg to 1/100“ was used The thermo* 



Fio I 


meter was first of all set at about 10 6®C to approximate to the freezing pomt of 
absolute sulphuno aoid 

During the oryoscopic measurements, (a) the temperature of the cooling was 
not allowea to exo^ 2“ to a°, (6) the stirrer was operated as umformly as pomble; 
(«) tiw thermometeir was always tapped before taking a reading 
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Stock sulphuric acid was prepared by mixing fuming acid with the distilled 
acid in a ratio calculated to give slightly less than 100% HtSOi and it was stored 
in an automatic sealing tube of the Vpe used by Oddo and Scandola (Fig 2) This 



acid was then forced out into the freezing point tube up to a dehnite mark The 
freezmg point of the acid was next adjust^ to the desired point by adding to it 
small quantities of fuming H2SO4 by means of a pipette The total quantity of 
HjS 04 was found out by weighing the freezmg point tube before and after addition 
of acid 

There is a marked change m the &eezmg point of HjS04 on either side of the 
maximum point which corresponds to absolute H2S04 with fizzing pomt of 10 5°C 
The freezing point of sulphuric acid of composition, either more or lees than 100%, 
18 leas than 10 5°C After determinmg the freezmg pomt (F P ) of the solvent the 
phthalocyanine or its denvative was ^ded, and the lowenng of the freezing pomt 
produced was measured 


Determxnaixon of Ihe cryoecoptc constants of the solvents used 

In the present investigation two types of solvent were used — 

(a) Sulphuric acid oontainmg about 0 1% water, the freezmg pomt being 
0 11°C less than the ma ximum 

{b) Sulphuno acid containing about 1% water, the freezing pomt being 
4-16°C less than the maximum 

Before determining the molecular weights of the phthalocyanmes, the cryosoopio 
constant K was determined for the solvents l^y observing frying pomt depreesions 
KHSO4 at different dilutions. Taking Vant Hoff’s motor • = 2, the molecular 
weight of KHSO4 comes down to 68 Awuming this value of the molecular weight 
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of KHSO« in solution, the cryosoopio constants K were calculated from the formula 
^ M U W 

CO 

where M = 68, 8< = observed freeemg point depression, W =3 amount of sulphuno 
acid in grams, and <0 = amount of KH8O4 in grams 

Graphs were drawn taking K as ordinates and the concentrations of KHSO4 
as abscissae (Fig 3) and from the graphs, K for zero concentration of KHSO4 was 
extrapolated The results are tabulate in Tables 1 and II 



Cryo9c<yp%c coruUint K for svlphurtc ac%d contatmng about 0 1 % unter 


Volume of acid taken = 20 400 W' = 37 4 granui 


(grame) 

C 10» 
(Mols ) 

FP 

(Beckmann 

reading) 

»< (“C ) 

K 

K 

(extrapolated) 

0-0049 

177 

0 220 

0 232 

0 012 

6230 


0 0670 

2420 

0 388 

0 168 

6380 

6200 

0 1826 

4780 

0 660 

0 339 

6600 


0 2072 

7460 

0 768 

0 638 

6610 
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Cryoacoptc constant for svlphurtc actd contatmng about 1% water 


Tabub n 

Volume of acid taken == 20 8oc H'’= 64 4 grams 


(grams) 

C 10* 

(Mol ) 

FP 

(Bockmann 

reading) 

8< (“C ) 

K 

K 

(extrapolated) 

0 0283 

713 

4 270 

4 336 

0 066 

7320 


0 1683 

4104 

4 6»7 

0 418 

9290 

7<HM> 

0 2737 

6740 

4 077 

0 608 

04'-,0 



The exponmental results on the molecular weights of free* phthalocyanine and 
its vanous derivatives are recorded in Tables 111 and TV The molecular weight 
was calculated from the relation M = 


Table III 


FP of acid used = 0 VI” below the maximum FP of abaoliito Bulphurio acid, cryoaooplo 
constant K — 6,200 (extrapolated) M — Molecular weight calculated according to tho 
formula, Moht = Molecular weight found experimentally 
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Tabui IV 

F P of acid used 4 16° below the maximum FP of obsoluto sulphuric acid, oryoscopic 
constant K ■= 7,000 (extrapolated) 


Substance 

-Sfcalc 

w 

Rmms 

grams 

C 106 
(Mol ) 

rc) 

Mobs 

* 

Free Phthalocyamne 








(Cg.Hi.Ng) 

614 

78 7 

0 1068 

988 

0 285 

07 8 

7 6 

Copper Phthalocyanme 

614 

38 7 

0 1137 

1076 

0 291 

70 7 

7 3 

(C„Hi,NeCu) 

67# 

36 4 

U 0886 

778 

0 222 

70 7 

7 6 

do do 

Dihthium Phthalocyanme 

676 

36 6 

0 0980 

868 

0 262 

7t6 

7 7 

(CgjHijNgLi,) 

626 

37 6 

0 099'i 

008 


39 4 

13 4 

do do 

Silver Phthalocyanme 

626 

37 3 

0 1176 

1108 

0 642 

40 7 

13 0 

(C„H„NaAg) 

618 

38 8 

0 1178 

002 

0 753 

60 2 

10 3 

Chloraluminium Chloro 
phthalocyanme 
(C,,HnN,Cl AlCl H.O) 

019 

39 0 

0 1334 

1016 

0 381 

02 8 

9 9 

644 

36 7 

0 1122 

87+ 


39 0 


do do 

644 

30 8 

0 0922 

700 

0 451 

38 7 

10 0 


Section B 

Reagents —Pure diUthium plithalocyanuio prepared according to the method 
described before, and pure and crystallised bou70ic acid were used As a solvent 
absolute alcohol distilled over metallic calcium, and diethyl phthalate was used 

Apparatus and Method of Experimental Procedure 

For the deterrmnation of boiling point Landsbergor's method, as modified by 
Walker and Lumsden, was used The thermometer used m these experiments was 
graduated to 1/100“ When the thermometer registered a constant tcmjierature, 
the reading was taken as the boilmg point of the pure solvent Next the molecular 
weight of a simple substance, like benzoic acid, was detormiiu'd in absolute alcohol 
to test the accuracy of the method 

The molecular weight of dilithium phthalocyanme was determined m the same 
way and the results are recorded m Table V 


Table V 
h' » 1500 0 



0 

Ol 


c 


[ M 


{°C) 

gins 

(“C) 

(°C ) 

(' o 

1 OhH 

Calc 

Benzoic acid 

76 60 

06 

76 10 

0 60 

110 

118 2 

122 0 

Uilithuim phthalocyamne 

76 60 

05 

76 67 

0 17 

9 26 

496 1 

626 9 

76 60 

0 6 

76 64 

0 14 

11 6 

484 0 

626 9 


0 bolhng pomt of absolute alcohol, 0i = boihng point of solution , m = weight of 
the solute, e tm elevation of the boilmg pomt, v = volume of the solution , ifoi* »■ 
molecular weight found expenmentally, and Afcak = molecular weight calculated 
according to the formula 
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From tho above table we can see that the moleeular weight, as determined by 
experiment in the sol^nt of absolute alcohol, is m good agreement with the thecnre- 
tical value 

Discussion 

Section A 

The cryoscopio measurement of Hantzsoh in sulphuric acid as a solvent with 
compounds, organic as well as inorganic, containing N atoms not linked to oxygen 
atoms, led him to tho following conclusions — 

The nitrogen bearing compounds will dissolve m sulphuric acid with complete 
salt formation and forming a polyvalent ion depending on the number of N atoms 
in tho compound This is demonstrated by the lowering of the freezing {ximt and 
the molocular weight corresponding to an increase m the number of ions in the solu¬ 
tion 

Thus 

No of N atoms in the compound 12 3 4 6 

Maximum No of ions 2 3 4 6 6 

Accordingly the number of ions formed in sulphuric acid solution can bo estimated 
and thus one can know how many N atoms of the compound take part m salt form¬ 
ation Hantzsch has studied many compounds includmg basic, neutral and even 
acidic substances like NH3, HNO2, HNO3, ^nd bonzoic acid 

The experimental results of Tables III and IV may be explained schematically 
as outlined below 


(1) Free Phthalocyamne 

(u) With sulphuric acid containing 0 1% water 



It follows from the scheme that n~ 6 which is m good agreement with experi¬ 
mental values If we assume complete dissociation as, we could do logically, at such 
low concentration m a solvent with so high a diolectnc strength, » which is equal 
to l + (»—l)a becomes 1 -f (a—1), that is, » = n 
(6) With sulphuno acid contaming 1 0% water 

The two central mtrogen atoms (which ace not immo), with one pair of electrons, 
take up two more protons under changed condition of the solvent as 



Hence t should be 7 which has been experimentally observed Prom this It 
seems evident that the inner two co-ordinating mtrogen atoms also take up protons 
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in the presence of small quantities of water, whose function is difficult to explain 
at present 

(2) Copper Phthalocyamne 
(o) With 0 1% water in the solvent 



Henoe t should be 5 which has been experimentally observed 
(6) With 1 0% water in the solvent 



Hero also we observe similar results as in the case of free phthalocyamne, that 
18, * = 7. 

In other cases the same reaction scheme may be postulated with sulphuric 
aoid oontauung 0 1 % as well as 1 0% water 


(3) Silver Phthaiocyamne 



which should give » =9, which has been found to agree lairly well with the experi 
mental value 

(4) Lhlithium Phthalocyamne 



Hete « a* 11 whereas t^e experimental values a 
This disorepanoy may be due to experimental error. 


the neighbourhood of 13 




Section B 

The agreement between the theoretical and the observed value is quite satis¬ 
factory and evidently the molecule of dilithiiim phthalocyamne remains iindis 
sociated m absolute alcohol 

Our thanks are due to Dr T L Rama Char for carrying out some preliminary 
experiments 
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ON STATIONARY LINE ELEMENTS 
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(Communicated by Prof V V Narlikar, F N I) 

(Received September 3, read October 18, 1946 ) 

Abstbaot 

A <et of noceaiwrjr iind aufflcunt conditionR for a aphoncally Bynimetncal line element to 
be stationary le obtained and a method m given of traiiHfortning it to a static form when the 
conditions aro satisfied A new proof of BirUiofl’s theorem is given 

1 Intboduotion 

Consider a static lino element, du* = dx* 

This may be transformed to a non static form by an arbitrary non singular 
transformation of co-ordinates Line elements obtained in this way may be called 
stationary as is the usual practice It is the object of this paper to investigate the 
netosaary and sufficient conditions for a non static line-element to be stationary 
Only sphorn ally symmetrical line elements have been considered 

2 Nboessaby Conditions 

A general spherically symmetrical static line-element is given by 

da* = -Adr*-fi(d^+8in*dd^*)+I»dt*-f2Cdrd«. (1) 

where A, B, V, D are iunotions of r alone By the successive transformations 

r2 = B, <■=/ (2 1) 

and 

C i (2 2) 

t^j-^dp+kr, ) 

we get 

d»* = - Jdp*-p«(d^+8in* 9d<f>i)+DdT^ (3) 

where I and D are functions of p alone 

Hence there is no loss of generality in taking the geneial spherically 
symmetrical line-element in the form (3) 

To get the necessary conditions let it be assumed that the lino element, 
ds«= -Adr»~.B(d0<i+am^ed,f,<i)+Ddfi+'2Cdrdt, 
where A, B, C, D are functions of r and t, is transformable into 

da«=-Ad/»*-pW+8»n*^#*)+^'(T* . (4) 

where 3. and D are funotionn of p alone 
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The law of transformation of tensora gives— 

Ditferentiating (6 2) with respect to p and t respectively we get 


a dot representing a differentiation with regard to t and a dash representing a 
differentiation with regard to r 
Solving (5 3) to (6 6) we get 

!="■ !=''• "" 

where 

M = (DB'-CB) (6 2) 

N=-(AB+CB') 2B^‘^(DB'i-2CBB'-ABi)-^ (8 3) 

B = B(DB'»-2CBB'-AB*)-i (6 4) 

8=^-B'(DB'^-2CBB'-AB»)-*, (6 6) 

F=^D^‘^ ( 66 ) 

Differentiating with respect to r and ^ with respect to p and equating we 
op Or 

obtain 

— dP 

[{R3i' + MS) ~ (B‘M + BN)] - /? = 0 (7.1) 

ap 

Similarly, differentiating ~ with respect to p and with respect to r and equat¬ 
ing we obtain 


Calculation shows that 


{RM'+M8) - (B'M+BN) _ (BN'+NS) - {S'M+SN) 


[(——»* 5 ) 
+B'(inm'+nm-~ 2'h'm) 
+B(Bii-l-«'TO—2nm')] , 


(8.1) 
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whew 

m = (DB'-Cti), n. = (CB'+AB) (8 2) 

Thus (7 1) and (7 2) reduce to one independent equation From (7 1) we obtain 

dp ^ {RM'A‘MS)~(R'M+RN) . (9) 

F R 

Since ^ is by hypothesis a function of p alone, it follows from (9) and (5 2) that 

(101) 

where a is arbitrary Thus we have obtained one of the necessary conditions 
By substituting the Yalues of 

dp dp 

from (6 1) m (6 1) we obtain 

A=^AM^~2CMF-DN^ ( 11 ) 

Since by hypothesis ^ is a function of p alone we obtain from (11) and (5 2) 

AM*-2CiI]^ -DiV* = ^(5») (10 2) 

ae the second necessary condition (10 1) and (10 2) is a set of necessary oondi 
tions (Vaidya, 1946) 


3 StJFFICIBNOY OF NbOBSSARY CONDITIONS 

The conditions obtained in the last section will now bo shown to be sufficient 
For the Ime-element, 

da* = ~AdT*~B(dA*-^saL*6d4)^)A-Ddt*+'lCdrdt, 
where A, B, C, D are functions of r and t, let it bo assumed that 


(RM’+MS)-(R'M+RN) _ 


a[Bi) 


(131) 


and, 


AM*-2CMM ~DA* = P(Bi), 
where M, N, R, S have been defined by (6 2) to (6 6) Define a function/’ (x) by 

(14) 


Next consider a transformation defined by 


Tp-^' Tp- 


^ ^ = BF{&), ^ = SF(B*) 


It can be easily verified that 


2B* dp'^2Bi dp 


(161) 


,(16 2) 
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these give 

(17) 

The transformation is consistent as can be verified by dlftbFbhtiating^ = Jf 

with respect to t and ^ = N with respect to p and equating the two values 

— 

of so obtained This oquahty is ensured by our definition of F The law of 
transformation of tensors gives the transformed lino element as 

(fo2=-^(p)(/p*-p*(de*+8in* 0d4<‘)+{F)^dr‘, (18) 

where F is given by (14) This is clearly soon to be a static line element Thus 
we have shown that the conditions are sufficient 


4 Pbook of Birkhoff’s Theorem 
Consider a line-element 

ds^:= -Adr^-B(dei+emWd4’i)+Ddti, (19) 

where A, B, D are functions of r and t and which is a solution of Einstein’s field 
equations for empty space Hence we have 


T4* equated to zero give (Tolman, 1034tf) 


1 1 B'D' 1 ~| 

^lABi'^’l'ABD bJ 


n‘ - ?!BB' AB'^\ 
" ~ 2L52 '^iB'^DBy 


( 20 ) 

( 211 ) 
(21 2 ) 


B'^AB 


[ 


1 B'i 
4 255 


, 1 B'A' , \ AB B^ 
■^2 ABD'^d B*D 


a 


(21 3) 


The necessary and sufficient conditions become for this hne-element, 


A-B'{B'mD'-\-BB\AD~2AD)} 


4 APB 
DB'i-AB^ 


+B{BB'(A'D-2An']+B»AA}] = a(H*). 

=Bm 


(22 1 ) 

( 22 . 2 ) 


On substituting the values of B”, B’ and B given by equations (21) in the 
following 


d 1 

r 4^JDJ5 

]b 

r 4ADB T 

dr\ 

iDE^-AB^. 

r dt\ 

LdH's-2 B*J 


( 23 ) 
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we find that it booomea an identity Honro (22 2) is satisfied On substituting 
the values of B", B', B m the left-hand side of (22 1) we find that it reduces to 


2B DB'^-ABV 


(24) 


Hence (22 1) is also satisfied 

Thus the necessary and sufficient conditions being satisfied alt solutions of 
Einstein’s field-equations for empty space which are spherically symmetrical and 
which are of the form 


dsi = -^dr*-5(rfda-(-mn* 0(liffi)A-Ddt^, 

are stationary Thus another proof of Birkhoff’s theorem has been given (Tolman, 
1934^, Einstein and Straus, 1946) 


6 CoNOLtTDiNo Remarks 

In the course of some recent investigation it was ntcessary for us to verity 
whether the following line-element is stationary 

(26) 

where A and B are arbitrary functions of < The above set of londitions (10) 
enabled us to show that it is stationary and the transform (3) for this reveals that 
it represents flat space time The results obtained here should bo of use m inves¬ 
tigations of sphorical distributions where it is necessary to know whether a non 
static line-element is stationary and if so to what static lorm it is transformable 
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ON THE 8UMMABILITY OP THE CONJUGATE SERIES OF A 
FOURIER SERIES BY LOGARITHMIC MEANS 

By M h Misba, Udaipur, India 
(Communipatod by Dr B N Prasad ) 

(Received October 10, read October 18, 1946 ) 

1 Let 

(11) 2 (b, cos nO—a, sm nO) 

be the conjugate senes of the Fourier sones associated with a function f(d) which is 
integrable (L) over the uiterval (~v, m) and defined outside by periodicity The 
‘conjugate’ function associated with the senes (1 1) is 

(1 2) m = ^’{fie+t)~f(e-t) } cot i« dt, 

the integral being a Cauchy integral at the origin 

Prasad'* proved that if tho function f(d) is bounded, the conjugate senes (1 1) 
18 summable (C, S) for every positive 8 to f(0) wherever the integral (1.2) exists 
This theorem of Prasad was m a certain sense extended by Hardy and Littlewood •(■ 
in the form of a simple necessary and sufficient condition for the Cesaro summabdi* 
ty of the conjugate senes corresponding to a bounded function as follows — 

Suppose that f(t) is bounded in tho neighbourhood of < = 0 Then the 
conjugate senes of f(t), for < = 0, is either summable by Cesaro means of every 
positive order or summable by no Cesaro moan A necessary and sufficient 
condition lor the summabihty is tho convergence of the integral (1 2) 

Now there are simple bounded functions for which the integial (1 2) is not 
convergent For example, let = 0 and lot an odd function /(<) be defined in 
(<). ir) by 

(/( 0)-0 . 

(1 3) \ /(<) = I tan ~ t sm(y log , for 0 < < ^ 1, 

( a=0, forl<f^7r, 

and by periodicity elsewhere Then the integral lor/(fi) oscillates between 0 and 
“ m the neighbourhood of < = 0 and the conjugate series for this function /(<) is not 

summable (C) This senes is, however, summable by Riesz’s logarithmic means of 
order unit^ as we shall see later 

Definition —A series Z c, is said to be summable by Riesz’s logarithmic means 
of order A >0, or summable (R, k), to the sum s, provided that 

('“ej)*'- 

tends to a limit s as w ->■ oo 


* Prasad, 4. t Hardy and Littlewood, S 
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The problem that naturally suggests itself is to find some general theorem, 
concerning Rieszian summability of the conjugate senes of a bounded function, 
which may be of the same tjrpo as the theorem of Hardy and Littlewood given 
above Theorem A, which we prove below, covers a class trf functions much wider 
than that of bounded functions and is quite of the type drah^ In what follows 
we use logarithmic integral means which are more general than fractional mtegral 
means of a function 
Let us wnte 

m = I {/(»+<)-/(«-<)}. 9(t )=^ j m ‘^ot , 

9o(t) = g{t) 

It 18 known * that 

= 7^) J (log 7 ) ^ X' 

Accordingly we have 

!?oi+iW = j 

and we define 

«'«(<)= for-l^a<0, 

so that 

<?,,«)*=;< cot 

Theorem A Ijet 

(16) j U„-,(0|rf<«o|<(log|) 

and 

(16) J^a(0“o{ (logj) 

08 t -> 0 Then a necessary and sufficient condition that the conjugate series (1 2) he 
summable (£, «+!)/or tothe sum s is that 

(1.7) ^.^.(D-^Klog^) }. 

os (-*>0 

An analogous theorem for Fourier senes was given by Wang f for int^iral a. 
He has also shown | that if the condition (1 7) is satisfied, the conjugate senes is 


• Wang, 7 


3B 


t Wang, 6. 


t Wang, S 
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aummable {R, a+2) and conversely if the conjugate senes is summable (R, a+1) 
to the sum «, then 

fif«+2(0 = o| (logjj |, 

as ^-^O. 

The case a ■■ 0 of Theorem A gives a simple, elegant result, namely 
Theorem B Let 

( 18 ) j |^(tt)|rf«=o(<logi), 

and 

(1 9) g(t) =m o^logj^ , 

as / 0 Then a neceaaary and suffictent condxhon that the conjugate senes (1 2) be 

summable (R, 1) for i ^ 6 to the awn a ta that 


(110) j ?^^W-o(log~), 

aat-*'0 


The condition (1 8) is satisfied wherever ^<) •=> O^log^^ and m particular when 

f{t) IS bounded near t ■■ 0, and the condition (1 9) holds m partu ular when g{t) is 
bounded 


A result for Fourier series analogous to the Theorem B was given by Hardy 
and generalised by Takahasi and by Bosanquet and Offord * Theorem B can also 
be deduced from a theorem of Bosanquet and Oflford 

In § 3 wo find a necqssary and sufficient condition for the summability {R, a+1) 
of the conjugate series In § 4 we prove Theorem A We show in § 6 that the 
conjugate senes for the function/(t) defined by (1 3) is summable (jR, I) to the 

sum - although, as previously remarked, it is not summable (C) In §6, we 

construct an example to show that the holding of only one of the combtions (1 8) 
and (1 9), namely 

g(0 -o^logi^ 5^0(1) 


IS not sufficient to ensure the summability (R, 1) of the conjugate senes 

1 am much indebted to Dr B 1)1 Prasad for his kind interest and oilvioe in the 
preparation of this paper 

2 We shall make use of functions 8i,{t) defined by 


s*(o-| (log^y sin tudu’^ 1 [(>«*;)■ 


sin udu, k>—l 


Hardy, 2*1 TakaliMi, i | Bosanquet and Offord, 1 
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It IS known that • 

(2 1) 




(2 2) -»,+.+,«) = 


^(*■+*+2) 

r(r+i)r(«+i) 


Wo shall also require the following lemma — 
Lemma For aX), 


f AVul)^log^j du, r 

j 0 

1 ' 


(7(l).«?,(a>«) dt = r(a+ 1 ) J g^(t)So{o.t) dt 
_ -r(a+I) f 


J 0 


This has also been shown by Wang j- 

3 Wo may make the usual simpliAcations, supposing that/(<) is odd and that 
0 0, 6 s> 0 so that 


</'((} -/(<) and g(t) ■ 


"ff J /(O cot 

= 2 /(0cot|<(l-<OHe><)d<+o(l) 

“ [—(1 —cos a><)(l(0]”+w j* ff(t) Bin u)<d<+o(l) 
= w I ff(t) sin ), 

Jo 


as <0 ->• 00 And for ifc>0, 


= ‘| (l"8f) ■'*1^ 


“^j* Bin addx+o{ (log <oy 


g(t) sin xtdt+o{ (log o>)*} 

) 


Wang, 7 


t Wang, 8 



SERIES OF A FOtnUEB SEMES BY JJOOABrTBICrO MEANS 
“^J* y{<)<*J* amxldaj—ftj* g(t)dt^ ® 

■ifctuj sr(0'S*-iM)(i<+o|(loga))* 'I +o{(logto)* 

- I g{i)8H.x{od) di-\-o{ (log («)* } , 
as to-*’ oo, g{f,) being integrable {L) in (0, tt) Henre 

j <*+0(1) 

Putting i a «+l, we have by the lemma 


111 xtdx 
+o{(loge,)»] 




(iogtt>)*'^‘ r 
(a + l)<o 

p(»+ 2 ) r 

(Ioga,)»+iJ^^ 


g«).S’„M)<*+o(l) 

?«(«) ^ rf<+o(l) 


Thun the necessary and sufficient condition that the conjugate senes he summable 
{B, a + 1) att=^0tothe sum s vs that 

Jo 

as <0 -► 00 

4 Proof of Theorem A 

(i) To prove that the oondition is sufficient, we have 

f - 1 ~00® ,.vl—OOSco/j, , f’ ffaWj, f" i'a(0 

fl’oi«)-^- dU=>\ gjt) - - - (U+\ — costoftft 

•<0 Jo J A/«i J A/iu 

(^1) =/+«/—say, 

where A is large but fixed Now by (1 6) 

(4 2) ^ I -o 1*0 ^(logj) I-o{(log «)*+»}, 

as w 00 By (1.7) 


(4.3) 
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Also g^ii) being an integral for X/to ^ 1 tr, we have 


(4 4) 

And by (1 6) 


(4 5) 

Also by (1 6). 


1 X . . 1 f 8UJ . 1 I /.vS>nwt., 
-. 8 inAg,(A/a»)+- ^<><‘>- 7 *-*+;;;; £^«-i(0-7r~* 

J A/iu J A/oi 

= e{(loge,)“+‘}+Ai+A* 

= o{ (log <..)*+'} 


hio, 

I I<"]’ u—wi'i'lf 

-«(i)+}o}(i<«j) }+i»!j(‘->ej) } 

(4 6) =o(l)+loj(logo,)“^'[, 

as CO -> 00 

Henoe combining the results irom (4 1) to (46), we have 
1 — OOB col 


I 


o{(logco)“+‘}+A«{log<o)«+n 

o{(logco)“+'}. 


if A->co after w-»-oo This, by (3 1) proves the BufiSoiency part of Theorem A 
(h) To prove that the condition is necessary, we assume (3 1), that is. 


(4 7) 


r /iv 1—cos col, 

ya(t)- -f -<*- 


o{(log w)*'*’*} , 
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and dednoe (1 7), provided that (1 8) i8 satisfied Now 

j* j/a+i{0(l—coe <o<)J +“j' yo(+i(0 

+co| g 


= o(l)+co sm 


So we have, by (4 7), 


I ga+i(0 Bin oitdt «■ o I, 

take 


as to-y 00 , 

Also after Hardy,* we take 


for 0:^ls;ir, then 


as n-¥ 00 Now 


*,'**'* ^I fa*i(0 Binatdi —j , 




• 2 ‘■'“■"’S2#-«an,/2+ 2 
.<i .ii 

,2„{M}+2,»|“|»© 

«<; 


7 1 <^«+i<«)'*-9«+iW+i| ifjt: 


Or, by (1 6) 


Hardy, 2 
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Hence 

^a+i«)“oj(log0 }, 

as /->-0, which proves the necessary part of the theorem 
5. The conjugate senes for the function/(«) given by 

(1 3) 18 Bummable (72, I) to - For 


as <->0 ^Also 



_-ic»(iog0-«(iog;), 


ftnd /(t) = 0(l), 

an <->0 Thu8/(<) satiefioH the conditions of Theorem B with « ^ 

6. We shall now give an example* of a function/(<) such that 


g{t) = i I m oot = o(log 5^ o{l). 

blit the conjugate Herios of the Fourier senes of /(/) is not summable (F, 1) to a 
We take = o, a =» o, ^(/) =/(<)= an odd funi tion 
Example We choose sequences {<„} , {A,} and {c^,} such that 

•>"♦'Oi 0<A|<Aji< . <A;, —► CO 

and 

c - 

V'log(4«+i)’ 

and we take 

A,-16.9... (4r+l). = 


The rorresponding oxiunple for Fourier eenos wos given by Wang, 7 



8BBIKS OV A VOimiEB S1CIUS8 BY LOQABITHHIO MBANS 


166 


We define an odd funotion/(t) in (a, w) by 

r/(0)-0 

]/({) = tan |sinA,<, for (r = 1, 2, 3, ), 


(6 1) 


and by periodicity elsewhere 
Then 


/(0 = 0 , for|<<^,r 
Isewhere 

I !/(t) I dt = c,A,I tan^ | sm A^ ] 




A^ I dt 


= j* M I 8111 U I dii^ 

1 

= f>jjr(2r+l)} 

-lA-;b|.- 

j \m\dt = («• 2^(i 6 0 (4r-16)) 


80 that/(() 18 integrable {L) in (0, w) 
Also for r = 1, 2, 3, , 


j* /(«) cot i«dMa= —j* sinA^dl = c, 1^(08 A^J 

ii: 


p-, 


Henoe if <,< t ^ 1, then 


g(t) = - /(it) tOt^dtt 
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git) 

log 


1 logl/t,-, y'log(4r-f-l) 

^ IT 


o 80 that g(t) *= o^log 0ai 

B neoossa 
s of/(«) I 

r* 

1 —C 08 <i»l j, 

J git) — I—dt = 


Now from (3 1), the necessary anil sufficient condition that the conjugate 
sories of the Fourier series of /(<) be summable (R, 1) to zero is 


o(log w) 


Wo shall now show that as <o takes successively the values of the 
sequence {A,}, 


log A, 


IS not o{l), but tends to infinity as r-*- oc 
For 


I f /„ 1 —008 A,4 


j‘,W. j [’+1’’"+J 

Jo J V 


= I+J+K+L, say 

cii 


/ « J y(t) ^ V ■. A, j* o^Iog I j * = o(log A,). 
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1 * 1+OOH 2Xjl J, 

= 2^;*=']^ —j—el. 

2A, 

. Nif+ow 

Cr , . Or COM W . 


J_l!^3t_ 

S^yeiog (4r+l) 


log (4r+l)+0(c,) 


= ^ log A, V log (4r+l)+o(log A,) 

^-. 1 , 

(4*+1)2 

2 1 f cos« . 




-.i,;^r 


cos udu, ^ <e*< ^(4^4•l), 


log A* 


- 2 2«*(i-»"••) - 2 sc - »">«) ^ ■ 

BO that K 18 positive Again 

I ^ r **"* toB (>,—A*)(+c<)a (A,+A*)( ^ 
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■= 0(logA,.i) = o(logA,), 

afi r-> 00 

Houce combining our results we have 

j 0 

->oo , as r-^ 00 , 

which proves that the conjugate senes for the function/(«) defined by (8 1) is not 
summable (R, 1) although 
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MODULAR EQUATIONS AS SOLUTIONS OF ALGEBRAIC DIFFERENTIAL 
EQUATIONS OF THE SIXTH ORDER 


(Communicated by Sir S S Bhatnugar, F R S ) 

(Reml January 17, 1947 ) 

In a recent paper (reviewed in Mathematical Reviews, Vol 7, p 243) I pointed 
out how identities of the Ramannjan Radomacher-Zuchermann typo can bo proved 
by showing that both sides of the identity satisfy the same algebraic differential 
equation 


sin*^ 




j(;S+A:'2:= 1, 1 If 


where n is a positive integer, we have 

^/U+^/W=\ (n = 3) 

(n=7) 

such algebraic relations between k and I are called ‘ modular equations’ The 
object of this note is to point out that the ‘ modular equations’ are solutions of 
algebraic differential equations of the sixth order 
Write 


\/l-k^(uni<f,d<f>. 


M= M‘ 


j 0 
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Then we have 


V2) 

A’A'-t-A’A'-AA'= 1 

(3) 

LM'+ML'-LL’ = ~ 

(4) 

dK E-k’^K 
dk “ kk'i 

(5) 

dE E-K 
dk~ k 

(8) 

dL M-nL 
dl ~ «'* 

(7) 

dM M~L 
dl ~ 1 


Differentiating (1) 0 times with respect to k and using (2), (3), (4), (6), (6), (7) 
to ohminato A', A', L, iT, M, M from (1) and the 6 equations obtained by differen¬ 
tiation, we get 

Thforeni // (1) ii true then 


£ dH m d*l dH dH\ 
^ \ ' ' dk’dk^' dk*’ difi’dky 


= 0 


where f {xi, x^, , Xg) denotes a polynomutl tn the x’s with integral coefficients depend- 

%ng on n alone 


Refbbbkoes 


Chowlo vS (194S) Outline of u new method, etc /’roe Lahore Phil Soc , Vol 8 
Matheiwitii III Reviev'i, Vu\ 7 l'H« pti|re24l 



ON'SERIES OP THE LAMBERT TYPE WHICH ASSUME IRRATIONAL 
VALUES FOR RATIONAL VALUES OP THE ARGUMENT 

By S Chowla 

(Commimipated by Sir 8 S Bhatnagar, P R S ) 

{Read January 17, 1947 ) 

Let 

a;* niT 

where | * | < 1 It is not unlikely that f(x) and g{x) are irrational when a: is a 
rational number different from 0 I am unable to prove anything about f{x), but 
I ean show that g{x) is irrational when a; m a rational number of the form 1 /< where 
< 18 a positive integer >5 
We have 

Lemma 1 We have 

1 +4p(a;) = 2 

tohere r{n) w the number of represenlahona of naan sum of lino squares 
This 18 well-known 

Lemma 2 J^et* denote an arlntrary positive number and m an arbitrary positive 
integer Then wv can firul an integer x such that 

(1) r(jr4-<)=0 for 1 <<<m 

for aUm>m^{e) 

Proof Let denote the mth prime » 3 (mod 4) Then the system of con¬ 
gruences 

‘*•+1 * 9i (“od ?i*) 
a:+2 a g* (mod g^*) 
x+m m (mod g,*) 

IB soluble, and in fact with 

?!*«** ?-*<*<2giV. ?«* 

Now from the extended Prime Number Theorem, 
g« ~ 2m log m 
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log a: 2 ^ log < 2m log « 

log log X ~ log m 

^ -2m 

log log a: 

HO that for any e>0 and m>mo(e) we have 

* ^ log log X 

Further rU+1) = 0 for 1 </<m 

Hinoe X satisfies the above m oongruenc<»8 
Now it IS known that 
Lemma 3 IFe have 

log log w 
r(Ti)<2 

wh^re «>0, for all n>Wo(e) 


V 

1 V*t'-P 

»=»rm + i at+1 

(1+ 0 i.>g^ 

2 •'“« loK •» ® Ji 

— r*-”"-' t’ 


log 1 Ion lug X / I \ 

/o-fw+l U"**/ 


IS a decimal in the scale of t 
Writing 


/?= 

»- 1 »-H *+m 

-2+2.+2. 



IBRATIONAL VALUES FOB RATIONAL VALUES OF THE ABOUHBNT 


173 


On account oi iTg = 0 it would follow that all the decimal placee of x from the 
(j-d-llth to the (^+m)th are zero, had not butted into this part of the 
decimal representation (m the scale of <) of 8 But roughly 


(1+Olog2log.r 
log t log log X 


detunal places to tho left of the (^+//t)th decimal plates aio affected by Et on 
account of (1) Now 


(3) 


From (2) and (3) it 




log log X 


1 e < > 5, A/ has a bloc k oi at least 


logf'^i 


'l log iVl -t)log .c 
^2 log i) log log X 


decuual places all equal to 0 Since 8 has aii uihiuty ol decimal places it 
follows that 8 IS irrational —Q E D 


Rsfbbbnoes 

Kcksinii, T F (1930) Dmpluniti^che Apiiroxiinattotun 

Siegc'I, C L (lOJO) Uutr Imige ■inwendumjen dwplunUi^cher I pjiroxiiiifUtontH 




ON THE SIGN OP THE GAUSSIAN SUM 
By R, P Bambah and S Chowla 
(Communicated by Prof D S Kothan, Ph D , F N I) 
(Ber^ived December 21, 1946, read January 1, 1947 ) 
It 18 a classical result due to van dor Corput that 
r 2i»/(*) ^ 2m^(>i) 


dx- 


- 2 


= 


where /(*) is real, f'{£) mouotonic and | /'(x) | in (a, b ), 6i, 9^, flg, denote 
complex numbers whose absolute value does not exceed 1 Hence 






Further as pointed out by Estermaiui it is trivial that for odd k 




^>2,' 


Again by the second mean-value theorem (or graphically), for odd /I > 13, 




- 

" 31 (-fc-l)‘^‘' 


Prom (2), (3), (6) 

S4(l-t)(l+.*)=.ea-Kl 


ff«+(f+l)V2»T+(l-*)f e*" 

Jo 


= ^B+yV2tf8+u-») 
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Now, using (4), 

0 ^ ' 



Making k-*-co, it follown that 



so that (7) becomes 


(9) ±-Jk = 2Vifc j «m ^-(/x + ^1 + — 

Now, since (graphically) 

= I 

K 

it follows &om (9) that (again by making k-^oo) 

80 that 

( 10 ) + 

Hence the + eign holds in (lO) if 

ife>(l+i^)*, le ifii;>49 

We have thus jirovinl that the + sign holds m (4) whenever k (which is odd) 
>49 By actual calculation wo oan show that the + sign also holds when ib <49 

Bbfbbbnozs 
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ON AN UNRURPECTED REAL ZERO OP EPRTETN'R ZETA FITNOTION 


J5v S Cnowi^ 

(Communicated by Rir R R Bhatnngar, F R R ) 

{Ren/I Jnnvart/ 17, 1947 ) 

Let (fl = a+»0 

[where the Bummation is for all integers x, y going from —oo to +co {r = y = 0) 
being eX( luded)] and its analytical continuations Tt was for a long time considered 
likely that the only roots of P(«) = 0 for 0<(r< 1, satisfy a = J (the analogue of 
Riemann’s hypothesis) Davenport and Heilbronii proved the existence of complex 
zeroes of ^(s) = 0 in the hall plane <t> 1 I prove the surprising result that 
F(a) — 0 has a real z#'ro s with J < « < I for all large d > do i** (v positive integer) 
Theorem For all d>dQ tve, hare 

F(l-R) = 0 

where the real number e eatvsfies 

hm (sVi/)-=- 

Proof For real s we have (Deiinng) 

F(e) = 

Proceeding as in m\ pa^n'r in Quart J of Mallr* (Oxfoid), l‘)14, it follows 

that 

F(l-/8) = 0 

for a real e satisfying 

a 


Rhpbrbnobs 

Deiiring, M (1033) ijbfr the klnesmtahl hin&rrr quathatmrhen Formen Math Zeiigchrift, 37, 
406 416 

Chowln, S (1034) The Clagt numher af binari) quadratu fonng Qtiart Jour of Mnthg (Oxford), 
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ON THE HELIUM CONTENT OF STARS OF LARGE MASSES 

By U R Burmak, Departmeni of Applied Mathematics, University of 
Calcutta 


((’ommunioated by Prof N R Sen, D Sc , Ph.D ) 

{Received February 7, read April 4, 1947 ) 

Abstract 

The effect of the assumption of a substantial proportion of hertmm together with hydrogen 
in tho composition of certain stors of large masses has been worked out for the energy generation 
law of Bethe It is found tliat tho problem of determining tho hydrogen and helium contents 
in stars of largo masses with the observed values of their mass, r^ius and luminosity, though 
mathematically soluble, does not in general lead to a physically signilicaiit solution The case 
in which a physically uigniduant solution may be expected is indicated in this paper 


1 INTBOD0OTION 


This paper la a continuation of a previous one* (Burman, 1946) where the 
internal oonatitution of atara of largo masses with appreciable radiation pressure, 
was studied on tho basis of Bethe’s law of energy generation The helium content 
of those atara was aHaumod to be negligible, it was then found that the Bethe formula 
of energy generation does not fit in satisfactorily with the maas-liiminosity relation 
m these stars It seems therefore reasonable to study tho effect of helium on the 
constitution of those stars and it is tho result of this study that we deal with m the 
preAont communication 

The models we consider here are of the oonveotive-radiative type, and have 
assigned values for tho ratio ye of radiation to gas pressure at the centre A 
number of point source stellar models for different v^ues of y, have been constructed 
by Heiirioh (1942), and wo make use of some of them for our present purpose, in¬ 
troducing, however, the assumption that the energy generation in them is governed 
by Bethe’s law We consider a number of models for y^ = 0 01, and 0 10 and for 
various values of X and Y, tho hydrogen and helium contents respectively, so that 
Pc, X and Y serve as three parameters in these models, whereas in the previous paper 
we had Pc and X only as the two parameters in tho models, tho helium content there 
being assumed zero throughout As explained in tho previous paper we make use 
of the approximate power law representation of tho exact exponential law of energy 
generation 

2 Thr Equations 


The equilibrium equations in tho convoctivo 



the usual notations are 


(1) 


and 


dM(r) 

dr 


47rr*p 


P p 


* Referred to hereinafter i 


I the 'previous paper’ 


( 2 ) 

( 3 ) 
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where the admbatic exponent fi jb given by 


= )8+. 


(4-3/l)«(y-l) 

■/J+12(y-l)(l-/S) 


Tn the radiative envelope, equation (3) is to bo replaced by the oquation 


(4) 


A 

dr 




Kft L 
r 4irf*’ 


(5) 


where the liuninosity L is nssiimed constant in the oiivelope 
(Hennth, 1042) w taken as in the previous pnpi r as 


lOff 

lOdn 



The law of opacity 


(fl) 


where $= Tp\, Te being the central tenn>eratnro, and 6k, a certain \alnc of 9 
in the envelope region whi re the opacity c hangcs 
The luminosity equation is 

L{r) = 4irr*p« dr (7) 

with € = EXPT\ (8) 


the coofficiont E and the exponent n being suitably chosen s 

We had m the previous paper chosen different values of E and n for different 
values of ijc, and this choice was made to suit the temperature conditions m those 
models 

It 18 now found that the introduction of a not very high conoontration of helium 
and a varying concentration of hydrogen in the moclels does not materially affect 
the moan value of n for the corresponding ranges of lentral temperature We 
therefore retain in the present calculations the pievious values of E and n for the 
same value of 

Introducing the variables 

r = <te, p = pco, T=TP 


we obtain the total luminosity of the model, ignoring the slight generation of energy 
outside the convective core, as 


where 


m, yc) = 


(9) 

( 10 ) 


being the interface between the convective core and the radiative envclojie The 
method of evaluating the integral 1 (fj, y,) has been shown in the previous paper 
For a model with given y^, we have the following relations (Henrioh, 1942) 
between L, M, R, T^, p^ and p, the quantities L, M, R, being expressed m solar 
imitB 


p«j)/ = 4 420y,'/*^* 


(11) 
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log Pc = logQ +log ^+0 149 (12) 

Iogn = fi906+logg+log^^ (13) 

logL = 28 742+log^“^^+log^'^^'). (14) 

where ag, 0 a-, Q^ are known in ternm of alone ft w to be noted that the energy 
generation formnla has not been naed in the dei ivation of theHo relations 

The values of // as determined by oqnatums (9) and (14) should agree and this 
requires that 

= 28 +i l"8 g 

-3 483+logLo (16) 

where Tjq denotes the solar luminoMity 

The opacity toellioient kq and the mean molecular weight p. are given by 

Ko = 4 32xl025(l+-X)(l-X-r) (16) 

rtnd /t = 2/(H-3A'+jy) (17) 

We now explain how the configuration is determined by yc, X and Y when the energy 
generation formula is taken into account For given equation (11) determines 
the mass when X and T are assigned Equation (15) now determines and tlie 
radius B is then obtained from equation (13) The central density and the lumi¬ 
nosity are then given by equations (12) and (14) respectively, so that the configura¬ 
tion 18 completely detornunoil We s^w m the previous paper how y^ and X, i o 
fjL (when y = 0) alone determined the configuration Here, however, wo do not 
put y = 0 and therefore leplace p by the two parameters X and Y The number of 
equations, however, is just suilicient to determine the configuration when y,, X and Y 
are assigned 


3 Results of Calculations 

We have constructed a number of models for = 0 01 andO 10 and tor dififerent 
values of X and Y, the hydrogen and helium contents respectively For each value 
of yc wo take F = 0 10, 0 20, 0 30 and 0 40 and corresponding to each value of Y 
the values of X taken vary in general from 16 to 46 per cent The stellar parameters 
L, M, R, Tc and pc are calculated in each case according to the formulae in the last 
section, and the results are shewn in Table 1 As stated before, the coefficient E 
and the exponent n m the energy generation formula are taken to be different for 
different values of y,. and their values for a given y^ are taken to be the same as 
those m the pievious paper We shall now see how it is possible from a study 
of these results to calculate y,, X, F, Tc and pc for a star whose L, M, R values are 
observationally known 
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LARGE HASSES 


TabI/F I 


Lurmnoatiy, Moat, Sadiiif, Central Temperature and Oenaity of Ootiflqurntions noth naaiqned 
(ratio of rmhatton to qaa jireaaure at the ro/itrr) and eompruiitum 



From Table I, we constniot a ma<»«i-lum»noaity diagram for eaoli value of Y 
and the corresponding values of end X as in Figs 1 -t Kacli diagram consists 
of two sets of curves = const and X — const We also plot log rt//JQ against 
X for each value of F aa in Figs 6-8 
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Thu vnrmtion of radius with X for F ■» 0 1, 0 2 0 3, 0 4 and >» 0 01 and 0 1 


ThoHo curves would enable u» to calculate in the manner oxplaineil below, X 
and Y for a model when the values of L, M and R are assigned The t entral density 
and temperature can then be obtained from the equations (12) and (1.1) respectively, 
the quantities ocg and for a given yc being obtained by interpolation from 
Henrich’s (1942) values 

The position of a star in each of the mass-lummosity diagrams would give by 
interpolation the values of X and yc corresponding to the different values of Y, that 
18 to say, if we assume a given hehum content in the composition of a star of given 
L, M, R, the position of the representative point of the star in the mass-luminosity 
diagram corresponding to tho assumed value of Y, would give us a value for its 
hydrogen content X and a value for the central ratio j/c of radiation to gas pressure 
A further interpolation in tho R-X diagram for the appropriate Y would give for the 
radius of tho star a value which w not necessarily tho same as the observed value of 
the radius In this manner wo obtain different sots of values for Pc, X, Y and R 
for the same L, M values of a star Interpolation between these sets of values for 
a definite value of R (winch is the observ^ value of tho radius of the star whrae 
L, Jf-values we have taken) would now fix the parameters Pc, X and Y for the star 
considered Tho procedure is as follows — 
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Consider, for example, any one of these sets of values, say y/, Y' and R' 
We note that for the given L, M and R' as parameters, only the simultaneous set of 
values y/, X' and Y' is possible, as this set is the umquoly determmed solution of 
our equations for the given L, M and R' This will be true of every one of the (four) 
sets of yc,X, Y and R determmed by us, corresponding to given L, ilf-values This 
bemg the situation, the values of j/c, X and Y for some intermediate value of R can 
bo easily obtained by a one-parametrio mtorpolatioii Tlie central density and 
temperature would then be obtained fiom equations (12) and (13), so that all the 
parameters of the star are determined by its L, M, R-valuos From this ixiint of 
view wo have here oxammed some stars of Kuipor’s table considered in the previous 
paper and the results are shown m Table II 

Tabub II 


Solulxoru for X, 7, yc, Tc and pe for some stars whose L, Si, R values are known from observalwn 


star ^ 

logA/Ao 

log Ar/o| 

log R/Rq I 

X j r j i/c jz’c 


, A.,, A 

2Ij8 

0 62 

1 20 

) 



1 90 

0 52 

0 82 

> no physuully Higiiitii ant boliitiuns 


P Aur A 

1 8» 

0 38 

0 43 


{ C Ma A 

1 4H 

0 41 

0 28 

0 40 1 0 20 ] 0 013 26 4 

35 0 

« C Ma A 

1 50 

0 37 

0 25 

0 46 0 46 0 015 24 8 

24 2 


Tlie first J stars correspond to the lase Robt > RcaU (for Y — u) as iiiuy be seen from 
Table II of the previous paper The other two oorrospoixl to tho c »so Rcba < Reulc (for 7^0) 
It IS only in the latter case that a physiially signiflcant solution is possible 


4 Conclusions 

It will be noticed trom Table II of tho previous paper that for an assumed 
iero helium content it is not possible to so choose a hydrogen content as to obtain 
an agreement in tho observed and oaloulated values of L, M, li of a star in which 
the effect of railiation pressure is not negligible and in which energy generation takes 
place according to Betho’s law Wo have ui this paper attempted to obtain the 
desired agreement in the calculated and observed values of L, ilf, /f of a star m 
which energy is generated according to Betho’s law, by introducing a suitable pro¬ 
portion of helium into its composition 

It 18 found that tho effect of introducing hehum into tho composition of a star 
of given L, M is to cause a decrease in the calculated value of its radius as com¬ 
part with its value calculated on the assumption of T -- 0 It is therefore not 
possible by giving suitable values to the helium content (F) to obtain an agreement 
between the observed and caleulated values of L, M, R m the case of those stars 
where the observed radius is greater than that calculated on tho basis of F => 0 
This wdl be clear from Table II whore tho desired agreement has been obtained m 
the case of only two stars for which jB„», < RaOc (with F = 0) Tho other stars 
of the table correspond to tho case iJ„(„ (with F = 0) and no agreement 

has been possible in their cases with any physically sigmficant values of X and F 
It IS thus permissible to conclude that Bethe’s law wdl not generally oxplam the 
generation of energy in stars of large masses 

This result is of considerable importance in deciding whether a star of large 
mass with given L, M, R can be supplied with energy according to Bethe’s scheme 
Our previous paper gives a simple method of calculating the radius of a configuration 
of given L, M and zero hehum content, assuming that energy is generated withm it 
acoording to Betbe’s law Unless the oaloulat^ radius is huger than the given 
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radius of the configuration, we may decide that Bethe’s law will not bo apphoable 
to this configuration 

It has, however, been shewn that so far as accurate observations go Bethe’s law 
satisfactorily accounts for the energy generation in stars whose masses arc in the 
neighbourhood of the solar mass 

The author takes pleasure in acknowledging his indobtodness to Professor N R 
Sen for valuable discussions and criticisms during the preparation of this paper 
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ON THE SELF ENERGY OF THE ELEC’TRONS 


By R C Majumdab and S N Gitita, Department of Fhystcs, 
University of Delhi, Delhi 

{Received November, 1946, read March 7, 1947 ) 

Summary 


Tlio Helf ouprgy of iin rlp<trou iii motion in invoKtiufttnl from quantum electrodynamics 
In the firat rtilulo tho inti'mi tion energy of an electron with electmmagnetic field is given and 
m the aetond and thini articles the ovaUiation of tho dynamic and static self energies is imder 
taken The divergence of tho self energy m tho hole theory is logarithmic which is shovm to 
lie due to tho symmetrisation m tho betiaviour of tho electron with respect to emission and 
absorption of photon in its initial state 


Inteoduotion 

Tho solf-onerjiy of an electron is its total energy in free space when isolated 
from other particles In tho classical theory of Lorontz where the electron is 
considered to have a finite extension over which tho total charge is distiibuted the 
self-energy includes besides tho energy of its mass also tho mtoraction tnorgy 
between the different charge elonionts of tho c loctron integrated over its volume, the 
inttiaction taking place via the electromagnetic hold proiluocd at each jMiint of the 
electron by its other parts In tho hrst approximation when the retardation of the 
electromagnetic field insido tho electron is neglected we obtain tho usual electros¬ 
tatic self energy, i e , the energy which is required to koop the different parts of tho 
charges of the electron together and this tends to infinity in tho hmit for a point 
charge In the higher approximations the self energy is duo to tho self-force which 
arises because of the retardation of the electromagnetic field inside tho electron and 
contains terms the hrst of which is independent of the structure of tho electron and 
IS the usual radiation damping, the second and the higher approximation terms on 
the other hand can be expressed, particularly for tho cose of a simple oscillator, 
as a senes m powers of rg/X where ro w the radius of the eloctron and A the wave 
length of tho omitted radiation This part of the self-energy therefore vanishes for 
a pomt charge In the quantum theory where the electron is considered to be a 
point charge the self-energy which has been calculated by Waller (1930) Oppenheimer 
(1930) and Rosenfeld (1931) exhibits also the strong divergent character tendmg 
to infimty It has been therefore argued from the idea of the correspondence 
principle that this inflmto self-energy is due to our assumption of a pomt electron. 
But it has been already emphasised by Bhabha and Corbon (1941) that the infinite 
self-energy m the theory of Lorontz hos in his assumption that a point electron 
can lie considered as the limit of a fimte electron in which the charge is distributed, 
the work which is required m compressing a fimte charge distributed over a fimte 
volume into an inhmtely small volume against the electromagnetic forces being 
mfimte Dirac (1938) and Pryoe (1938) and more recently Bhabha and Harish- 
Chandra (1946) have shown that it is qmte possible to construct a soherae of pomt 
electron m the classical theory from wluch the mfaiute self-energy can be ehmmated 
in a relativistic invariant way But unfortunately the scheme m some oases leads 
to solntions which are m conflict with tho physical ideas (Ehezer, 1943) It has 
however not been possible as yet to develop an analogous scheme of Dirao for 
removing m a relativistic invariant way the infinitee which appear m the equation 
characterising the electron m quantum meohomes in spite of the fact that it is treated 
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fiB a fjoiut Dirac’s (1!)42) new method of held (|uantisatiun by introducing the 
A-Lmiting pioccss and the negative energy photons to ensure the convergence has 
also its \ ability within a bmited scope The A-hmitiug process fails altogether in 
the hole theory which alone satisfactorily accounts for the oreab^on and annihJation 
of electron-jKisition pair (Pauh, 1943) It has further the draWhhuk that it does 
not load to the radiation damping whioh is so sigmficant, particularly in the hold 
theory of meson The discussion of these problems from Dirac’s quantum electro¬ 
dynamics will he taken up in detail m a subsequent pajxir It is to be noted that 
the strong divergent character of self energy for an electron m quantum meohanios 
m the original one oleotron theory of Dirac, m which it is assumed that all the 
negative energy states are empty, is obviously due to the emission of very high 
energy photons in the intermediate states and lies more m our assumption that the 
oleotron in the initial state can only omit but not absorb the photon But the self- 
energy in the hole theory is given by the difference of the self-energy of the electron 
m the positive energy when the negative energy states are occupied and that of the 
vacuum electrons liUing up all the negative energy states The mtroduction of 
vacuum’s contribution is just equivalent to allowing the electron also to absorb 
the photon in the imtial state and it is this symmetrisation m the behaviour of the 
electron that reduces the self-energy to diverge only logarithmically In the piosent 
paper wo shall give a stiaight-forward calculation ot self-energies for a moving 
electron fiom quantum electrodynamics The calculations ot self-energy wore 
also undertaken by Weisskopf (1934) by following closely the method of olassical 
electrodynamics, his results, however, remained inoomplote due to somu over¬ 
sights in the calculations 


1 InUractxon eiiergy of the electron with the electrotnagnetic JieUl 

The Lagrangian of the Dirao electron m the electromagnetio held is given as 
usual by 

L = (1) 


with 

and 


= y** = —y* = jS, i, i= 

p 

dx. 


(i) 

(3) 


where >jt is the wave function of the electron, a, j8 are well known Dirac’s matrices 
and ^ IS the 4-vector potential of the field with 


4th = Ah, 4>h = ^Aq, h,v = 1, 2, 3, 4, and 1: = 1, 2, 3 
Further = »£*, F,i. Fii = U 


(4) 

(5) 


E and H being the electric and magnetic fields It is to be noted that the electro- 
mametic hold here mdudes besides the field which is produced by the electron 
itself due to its motion and spm, also the held due to the Zero-pomt fluctuations of 
the radiation field 

The Uamiltoman funotion can be readily obtained from the Lagrangian given 

by(i) 
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or expreasing m terms of electric and magnotio field atrengths we obtain 

/f = I [^‘{<=«(/»-^^) div £+l(£2+/y2)(9) 

= B,-\-Hp-\-Hd-\-Hs (10) 

where H, and Hf are the usual Hamiltonian for the electron and the electromagnetic 
field, and Hu and Hi, are the interaction energiea of the electron with static and 
dynamic part of the field, the expectation values of which are the self eiu rgies 

Hu= -ejf((tA)4>dr (11) 

Hs = —ej {ili'{txAi)ili—>f''Ao<l>}dr (12) 

where A and A/ are the transverse and longitudinal part of the fit Id 


2 Ekeirodymmte self-energy 

We now proceed to calculate the self-energy given by the interaction (11), where 

^ “ f (13) 

-and 0 = Za(p) u(p) (14) 

P 

Here and (7^* are absorption and emission optirators decreasing and increasing 
respectively the number of photons by one a{p), a'{p) are similar operators for 
the elootrons Substituting these values in (II) we obtain for the interaction 
energy of the electron with the field ' 


E~e {c^^p-p’+k)+C^'8{p-p'-k)} 

p p' k * 

N(p’)A‘(p')r(p’)V(p)A(p)N{p)(u'{p')(iu(p)) . (16) 

where N{p) and N{p') give the number of electrons in the states p and p' A{p), 
A{p') are operators which operating on N{p), etc , change them to 1 —E{p) etc , and 
V(p) and V(p') are the Jordon-Wigner’s Vorzeichenfunotions given by +1 or —1 
aooording as flie number of occupied states arranged m some denmte manner before 
the state referred to is even or odd Now the expectation value of Hu is given 
m the first approximation by its diagonal matrix elements which is obviously zero 
Thus the self-energy is given by the second approximation of the interaction energy 


Wd 




where the summation is to be token over all the intermediate states 


.. ( 16 ) 
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(a) Hole Theory 

The Bolf-onergy la given by the difPeronoe of the oontributiom due to the following 
transitions of the electron in the positive energy state and the vacuum electrons 

I The electron mO»o) emits a photon k in gouig over Iter-ttie state u{p^-k), 
it then absorbs the photon k and comes back to the original state u(po) 

EA-E, = E{po)-ek-E(pQ-k) . . (17) 

II The vacuum electron v{po+k) omits a photon k m going over to the 
positive energy state u{pq) , it then absorbs tho photon k and comes back to the 
original negative energy state 

E,-En = -(E(po)+ck+E(pa+k)) (18) 

The self energy is thus given by 

Wn= II'k..+1-W^... 

= ( {u{poYa.%{po-k)){u(po~k)\u{po)) 

h k \ E{po)-ck-E{po-k) 

(«(/>o)‘att(/>o+*)) («(A)+Ar)’att(/>o))) 

+ E{po)+ck+E{po+k) S ^ ' 
The summation is ov or the spin directions of the electrons ns well as over all sorts 
of photons in the interincdiate states Now carrying out the summation over the 
spins m tho intermudiate states and averagmg ui tho initial states we obtam for the 
first term m the bracket 

~ SE(po-k)E ( po) ^^ «(c{a. Po~li)+Pnw^+E(po-k))a{c{apo)+fitru:^+E{po)) 

Summing over tho polarisation of tho photons in the intermediate states with the 
help of the relation 

^(epHep) = [pp)Jlt^ . ( 20 ) 

the first term becomes 

Similarly for the second term m the bracket we obtam 
^ipo)E{po+kf ^«(-«(«. J»o +*) -Pmci+E(po +k))x{c{xiH ,) +/J»u:*+il(/»o)) 

Wo now replace the summation over aU the photons by integration and multiply 
thereby the expression (2) by which denotes the number of photons lying 
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withon the sobd angle dQ and withm the range ifc and k+dh The expreeeion for 
the self-energy ttiua becomes 


e«c f 


(h-^h)kdk 


■H- 


r E(p^ )E(p^-k ) +cHpok ) - m*c4n 


E{po)E{po-k)iE{po)-ck-E(po-k)) 


-I 


iEpok^c^ 


Ek 

m®c* 


\2EpokH^ 

E-^kc-\-E. 

^E-\-kc-\-E. 


a 


E = cVV+w*®*. ^’+ = ^/E^-\-k\^+2c^kpo, E. = y/E^+kici-'lcnp^ 
Whence we obtain finally 




•(J5*-ffc®c*)(B+-je ) 2c {E\-E\) 


2Epok^c‘ 


^E QEpok^E^ 

E^-ac+E+)^ ) 

^Epokc" ^E^-{kc+E.)‘S 


(23) 


r rE(po )£(j>o+*)+c®( j>ofc)+c"- ^ °-y ^ +ra®cn 

J [_ k!(po)E(p0+k)(E(pg)-t-ck+E(py+k)) J 

On mtegratmg over the direction of k wo have 

(E^+Eikc+Ekic>‘+k«e3)(E+~E.) (E-kc) _ (E~kc)(E\-El) 

” c L 4Epok>c3 M~ ilEpok^cf 

m‘c* E-kc-E+1 
'''Epokc ^^E-kc-E-J 
(E3-ESko+EktcS-k3ca)(E+ -E.) E+kc (E+ko){E\-E\) 


(27) 

(28) 


The expression is sufficiently comphoatetl for uiterpnitation Wo can, however, 
evaluate it when the kinetic energy of the electron is small com]mred with its rest 
energy We have then 


Wa a 


Lt 




ke+V^±!^ 


me® 




i4. jfcc-f Vfi*+fc*c* . 

,.log---+ 


kc 1 ) "1 


(30) 


This approximate result has been given also by Weisskopf The self-energy diverges 

only logarit^caUy, 
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(6) Original Theory 

It may be of some interest to deduce the expression for self-energy in the onginal 
theory of Dirac where it is assumed that all the negative energy stat^ of the electron 
are empty Wo have the following processes to consider —^. o ^ 

I The same aa before 

II The electron w(po) omits a photon k in gomg over to the negative eneigy 
state v(po~k) > it then absorbs the photon k and comes back to the original state 
<Po) 

E,~Eu = A’(/»o)-c*+h?(/»o-*) (32) 

Wo have thus 


Wp = 2 


'Zrre^h-ic \ (uipQyciu (po-k)){u{po~k)'(nu{pQ)) 


( ' E(po)-ck-E(po-k) 

■ U(poya ^(po~k)) {u( pa-k)<x.u(po) )) 
^ jEpo)-ck+E{po-k) S 


Now I arrying out the summation over the spins and polarisation in the intermediate 
states and averaging over the spins of the electron in the initial states as before we 
obtain — 


where 


which 


integration over the direction of k reduces to 


(34) 

(3fl) 


f(E3+E^kc+El^c^+k9c’>)(E^- 

c L ii^W 


and we obtain 

Wp 



E.) (E-kc) (E-kc;){E\-E\) 


2po 


Ek 12£po*®c8 



(36) 


(37) 


This shows that the self energy diverges The expression (37) was first obtamed by 
Waller 


3 Electrostatic self energy 

In classical electrodynamics the expression for electrostatic self-energy os given 
by (12) 18 evaluated with the help of the well-known Maxwell-Lorentz equations 

rot^-™«^f. div £-471)0 


and, £=; _.l^_grad^o. H==*ToiA .. (38) 

together with 

div £tr»n, «a 0, rot £, ■» 0, iSf, — 0 .. ' .. ., (89) 
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Now for Duao electron 

p»e(O).i = e(f(*0) . (40) 

Therefor© (12) gives 



The electrostatic self-energy which is defined as the oxfioctation value of 11, is 
therefore given by 

(42) 

For a point electron this becomes infinite We cannot take over this result directly 
into quantum moohames It is usually left unquantised and subtracted from the 
Hamiltonian representing the interaction It may be of some interest, however, to 
attempt to evaluate the expression (12) exactly m an analogous way as in the trans¬ 
verse part of the self-energy Wo accordingly express the quantities Af and A^ 


«(c*cd*r)/»+c;e-<(*r)/ft) (43) 

= E ^2^*(c;e‘(*^)/ft+c;;e-(*-)/») (44) 

where « = ^'s the unit vector in the direction of the wave vector k c^) cjj are 

operators as before denoting respectively the decrease and the increase m the number 
of longitudmal photons The uitcraction energy of the electron with the longi¬ 
tudinal part of the field is obtamed from (12) as 




■p'+k)+e;Hp-p'-k)] 

N{p')A’{p')Vip')V{p)A{p)N{p)x{u(py(Xi,uip)-uip'yu{p)) (45) 

The self-energy is then obtamed m an analogous way as before from the expression 


the two parts being the contributions of the longitudmal and the scalar fields 
respectively 


(a) Hole Theory 

Considering the self-energy as the difference between the self-energy when an 
electron is present m the positive energy state and the self-energy of vacuum we 
obtam 


*"l k \ E(po)-ck-E{po-k} 

, {Mpo)’HViPo+k)){vipo+kya^u{po))-(it(piiyv{po+k))(u{pa+k)u{po)){^^^^ 

^ E{po)+ck+S(po+k) r ’ 
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Making use of Dirao’s wave equation we can write ^^ 

uipoTioJiMpo-k) = ^[E(po)~E(pQ—k)\u(p^)’u[po—k) 
tt(po)’(«*)«(i>o+k) = \.E{po+kHE{po)UpbYvipa+k), etc (49) 
The expression (47) thus reduces to 

\[E{po)+ck-E(p^-k)](u(p„)‘u{po~k)){u[po-k)‘MPo)) 

+[£(/,o)-ck+JBf(/^,+A)](«(/»o)>(;io+k))(«(/^+k)*«(/o))| (60) 

Carrying out the summation and averages as before 

IT - q \ {E{po-k)+mpo-k)){E{po)+mp<,)){E{po)+ck-E{po-k)) 

~ icmpof^ \ E{po~k) 

. {E{p^+k)-n{po+k)){E{pf,Hmp<>)){E{po)-ck+E{pQ+k)) 1 

E{po+k) I 

Now on ev aluatmg the spur and summing over the intermediate states of the 
photon we obtain hnally 

“'• = 536 


r = f dO r (^(/>o)+ck)(g(;>(.)ii-c»(M)) iE(po)-rk){E(po)HcHpok)) l ,52) 

* J L E{po]E{po—k) E{pQ)E{po+k) J 

U^jdSJ Eipo)[E{po+k)-E{po-k)] '(«3) 

The integration over tho direction of k gives 

e2 r^nE*-k^i){E+-E-) {El-E'’)-[dk 

For small velocity of the electron it reduces to 


(6) Onginal Theory 

In the case of one electron theory wo have on this model 

W E ( («(j>D)*git«(/>o--k))(«(/»o-A:)*«n«(po))-(tt(/>o)*M(po-k))(w(j>o-k)*B(/o)) 

‘"t k \ E{po)~de-E{po-k) 

^{Mpoyoi0(po--k)){u{po-kyatuipo))-{u{poru{po~k))^^^^ 

+ E(po)~ck+E{po-k) 
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S iEjpo) +ck){E{po)+H(po))~mpo~k){mPo)+mpo)) ^ (57) 


2E(po) 

Summing over the photons wo finally obtain the standard result 


W, = ^\^ dk, .. .. (68) 

whioh 18 highly divergent 

One of US (S N Gupta) is grateful to Sir Maurice Gwyer, the Vice-Chancellor 
of the Delhi University, for kindly awardmg him one of the exhibition scholarships 
which enabled him to carry out the present investigation 
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§l In a paper oarr3nng the title of the present paper, Littlewood (1928) 
proved If the extended Riemann hypothesis (e R h ) is true, there exist infiiutely 
many k suoh that 

m) . ?M>{i+o(i)} / log log k 

where x(n) ii a real primitive oharaoter (mod k) 

This result was proved by Walfisz (1942) Without aaeunung thee Rh His proof 
IS based on the so-called ‘class-number relations’ discovered by Kroneoker In this 
paper I use the method developed by me m my paper ‘An improvement of a 
theorem of Linnik and Walfisz’ to give another proof of the result wtihovt aseumi'ng 
thee Rh 

§2 Throughout we nse the notation of my paper 3 In the definitions we 
only change the defimtion of b so that 

fi)-+lforl^r^(g-l). 


also S(x) IS the same sum but with m gomg up to x* m the inner sum The 

difference between T(x) and S(x) is of the order x*, as proved m my paper 3 
The sum /8'(x) is spht up as before 

S(x) - «i(x)-l-5,(x)-|-Af,(x) 

We find that 

flj(*)~l«‘^*(loglogx), 




▼OL. xm—No 



3 OHOWI^ ON THS OLASS-NOMBBB OP THE OOEPX76 P(\/^) 


the sums Si(x) and Ssix) are estimated in exactly the same way as m my paper 3, 
iSi(a:) only bomg different Thus we have 

(A) T(x) ~ \e^x log log *. 

We now write 

( 2 ) = 

where Ti(x) is defined by (1) with the diflference that in the outer sum n is 
restricted to take values such that {8an+b) is quadratfrei, T^lx) is defined by the 
right-hand side of (1) but with n runmng through values in which (8an-l-6) is 
divisible by a square greater than 1 We proceed to estimate T^ix) Now the 
numbers (^n-f 6) cannot be divisible by unless r>g The number of numbers 
(Sara-f 6) when a:< n ^ 2a: such that fian+A is divisible by p,* (r>p) is clearly of 
the order 

Again, as observed by Davenport, we have 

2 *(») =» Oyk log k) 

where x(n) is any non-prmoipal character (mod k). It follows, since a<x^ (x>Xo) 
proved in my paper 3, that 

for every n with x<9t^2x It now follows from (4) and (3) that 
(6) Ts(x) » log i) » 0(a:) 

From (A), (2) and (5) we finally get 

(6) * Ti(x) ~ ie^x log log *, 

(7) 2 2 S-(2=^)10* * 

quadnUrcJ 

Since ‘almost all’ (San+b) are quadratfrei when x<n^2x, it follows from (7) that 
there ezista a positive integer n with a;<n^2a; and such that (San+6) is 
quadratfrei and 

^ (1+0(1)} log log (Oan+ft) 

SB 



S OHO'WLi. ON THB OLASS-NTTItBBa 0» THB OOBPTTfl P(V"^* 


Since log log a:~ log log (8an+6) From the Reciprocity Law for Jacobi’s symbol 

(^) - ( s ^ r ) rnmUmod 2 ). 


^ • 0(mod 2), 


by definition Hence (8) becomes 


^ (s^) > h" *08 log (8an+6), 


» +1 smce 5 « 1 (mod 8) 


>»(8<.).+6) “ (* + 2'''2*+ ) (sor+j)*. 


Prom (9) and (10) we get 

for suitable n with x<n^ 2 x, and for all x>X 0 smce (8an+b) is quadratfirei In (8), 
(9), (10), (11) w6.finally get 

Theorem 1 For all x>Xq there ex\ 8 t« a quadratfret number fc ■» 8o»+6 tellers 
a; < n ^ £ 2 ; sucA that 

(12) 2 ^ (l) ^ ^ ^ ^ * 


Since 18 a real pnmitiTe character (mod k) in (12), on account of k bdng 
quadratfrei, we can wnte Theorem 1 as 

Theorem 2 For all x>X 0 there extsis a number k betvoeen x and «• and eueh that 
2 ^>{H-0(l)}«Moglogjfc 

where x(n) t» a real pnmttive character (mod k) Thus Littlewood’s Theorem (and 
more) has been prov^ without assuming the e.Jt A. 


§3 Rbfsbsnobs. 

Littiewood.J B (1928) ‘On the class number of the corpus/'(V^)' Proc. London Math 
Soe , 27. S68-872 

Walflss, A (1942) "Ober dit'Klaeaensahl binarer quadmtis chen Formen’ Trap Intt, Math, 
r6«l«s», 11,67-71 



200 a aaoma. os thb OLisa-KuicasB or thb ooapOa P( V^) 

[Note In a paper entitled On the k analogue of a reeuh m the theory of the Biemann Zeta 
function' lUathematucht Zetttclur^ (1634) Band 38, 483-487 I have proved that 

1 

where »(n) is a real primitive character (mod k) ] 


Note added durntg prooj correUvm (May 7, 1947) 

My paper ‘An improvement of a theorem of Linmk and Walflsz has been 
accept^ for publication by the London Math Society There la very ItUle 
difference between the arguments of the present papers and those of the paper 
to be published by the London Math Society 
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A TABLE OF VALUES OP t(m). 

By Hamsbaj Gupta, QovemtnetU College, Hoshtarpur 
(Commumoated by Prof D 8 Kothan, F N I) 
{Received Febrvary 23; read March 7, 1947 ) 
Ramanujan’s function r{n) is defined by the relation 

2 T(»)a:* x. xn(\ —1 a: | < 1 


Lehmer (1943), m order to verify a oonjeoture of Ramanujan, computed a table 
of values of t(7i) for values of n up to 300 

More recently the followmg mteresting oongruenee properties of this function 
have been obtamed by Hardy, Watson, Mor<&ll, Wilton, Ramanathau, Lahin, 
Chowla, Bambah and me — 

(1) t(») * oii(») (mod 2*) if » 18 odd 

(2) T(n) «• K<x.,{n) (mod 3«) 

where A = n* if 2 (mod 3) 
and A = n*+9 if n « 2 (mod 3) 

(3) t(») = 6n*<r7(»)-4n<Tj(») (mod 6«) if n?i60 (mod 6) 

(4) t(») ■ noi{n) (mod 7) 

(6) r{n) m 0 (mod 23) if = -1 


(6) t(») 


■ ®ii(«) (mod 691) 


where a*(») 


I" 


The table u hero extended to n = 400 


n 

T(n) 


T(n) 

1 

1 

11 

6 34612 

2 

-24 

12 

-3 70944 

3 

262 

13 

-6 77738 

4 

-1472 

14 

4 01866 

a 

4830 

16 

12 17160 

6 

-6048 

16 

9 87136 

7 

-16744 

17 

-69 06934 

8 

84480 

18 1 

27 27432 

9 

-1 13643 

19 

106 61420 

10 

-1 16920 

20 

-71 09760 
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HAKSBAJ QVt^A A VABLB OV TALVS8 OS' r(n) 


» 

T(n) 


T(n) 

21 

-42 

19488 

61 


69664 

78662 

22 

-128 

30688 

62 ! 


12682 

36032 

23 

186 

43272 

63 


10028 

38302 

24 

212 

88960 

V 64 


26992 

96768 

26 

-264 

99226 

65 


-27004 

74640 

26 

138 

66712 

68 


-32333 

33376 

27 

-732 

79080 

67 

-1 

64818 

26884 

28 

246 

47168 

68 

1 

01665 

34848 

29 

1284 

06630 

69 


46981 

04544 

30 

-292 

11840 

70 


19409 

64480 

31 

-628 

43168 

71 


97914 

86272 

32 

-1967 

06304 

72 


-96006 

60640 

33 

1347 

22224 

73 


14637 

91322 

34 

1667 

42416 

74 


43731 

19636 

35 

-808 

73620 

76 


-64268 

04700 

30 

1672 

82496 

76 

-1 

66936 

10240 

37 

-1822 

13314 

77 


-89616 

43328 

38 

-2568 

74080 

78 


34941 

69424 

30 

-1466 

89976 

79 

3 

81168 

46680 

40 

4080 

38400 

80 


47678 

66880 

41 

3081 

20442 

81 


16661 

88361 

42 

1012 

67712 

82 


-73948 

90608 

43 

-171 

25708 

83 

-2 

93860 

99668 

44 

-7869 

48864 

84 


62110 

86336 

46 

-6488 

96690 

86 

-3 

33656 

01220 

40 

-4474 

38628 

86 


4110 

16992 

47 

26873 

48490 

87 

3 

23684 

70760 

48 

2487 

68272 

88 

4 

51640 

21700 

49 

-16909 

66207 

89 

-2 

49929 

17110 

50 

6119 

81400 

90 

1 

31734 

96660 

61 

-17402 

96368 

91 


06736 

45072 

62 

8604 

30336 

92 

-2 

74428 

06384 

53 

-16900 

65698 

93 

-1 

33164 

78336 

54 

17686 

97920 

94 

-6 

44963 

63904 

56 

26821 

76960 

96 

6 

14946 

58000 

66 

-14146 

33120 

96 

-4 

96699 

88608 

57 

26866 

77840 

97 

7 

60135 

68646 

68 

-30817 

69120 

98 

4 

07271 

64068 

69 I 

-61892 

03740 

99 

-6 

07649 

11616 

60 

-- 1 

-17916 

69620 

100 

3 

76348 

69»)0 


IB 
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n 

Tin) 

n 

t (») 

101 

8 

17429 

56102 

141 

67 

72118 

20092 

102 

4 

17670 

88832 

142 

-23 

49966 

46628 

103 , 

-22 

57551 

28648 

143 

-30 

88666 

67666 

104 * 

-4 

88073 

06240 

144 

-11 

21810 

96448 

106 

-2 

03801 

27040 

145 

02 

02040 

22000 

106 

3 

83053 

36762 

146 

-3 

61309 

91728 

107 

0 

02412 

68356 

147 

-42 

76352 

32164 

108 

10 

78668 

06760 

1 148 

26 

82179 

98208 

109 

7 

34826 

76310 

149 

-111 

64336 

20850 

110 

-6 

f 

19722 

23040 

160 

16 

42193 

12800 

ill 

> -4 

69177 

66128 

161 

-82 

44472 

97848 

112 

-1 

66286 

06184 

152 

90 

06767 

61600 

113 

-8 

61468 

62638 

163 

78 

48110 

67662 

114 

-6 

44802 

68160 

164 

21 

48370 

39872 

116 

9 

00470 

03760 

166 

-26 

62326 

01440 

116 

-18 

90146 

69360 

166 

21 

43084 

44672 

117 

6 

66668 

79634 

167 

131 

51107 

64406 

118 

12 

46408 

89760 

168 

-91 

48042 

96320 

119 

11 

66326 

58896 

159 

—40 

22060 

35896 

120 ^ 

10 

28266 

76800 

160 

-95 

00914 

48320 

121 


4983 

19933 

161 

-31 

21629 

46368 

122 

-16 

69664 

87888 

162 

-3 

99646 

20664 

123 

7 

76463 

61384 

163 

-36 

78327 

69588 

124 

7 

77861 

43296 

164 

-46 

36532 

90624 

126 

-36 

90011 

00600 

166 

66 

07083 

41920 

126 

-4 

66681 

21408 

166 

70 

^23 

92032 

127 

-26 

27172 

01024 

167 

275 

48338 

92216 

428 

33 

80713 

88160 

168 

-35 

64623 

46240 

129 


-43166 

78416 

169 

-146 

83791 

97393 

130 

6 

69713 

88960 

170 

80 

06368 

69280 

131 

63 

16287 

69932 

171 

-121 

16957 

63060 

132 

-19 

83111 

13728 

172 

2 

52090 

42170 

133 

-17 

86148 

16480 

173 

-95 

03874 

49678 

134 

37 

16638 

46216 

174 

-77 

66032 

98240 

136 

-36 

36379 

66400 

176 

42 

69690 

23400 

136 

-68 

34133 

04320 

176 

62 

77347 

51232 

137 

-29 

71987 

46214 

177 

-130 

76703 

42480 

138 

- -11 

27645 

09066 

178 

59 

98300 

10640 

139 

69 

67935 

77940 

179 

168 

13842 

24780 

140 

11 

90468 

21440 

180 

80 

79744 

66680 
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BAHBtUJ OtnPTA A VABIA 07 TALtriS 07 r{n) 


n 

T(n) 

% 

r(n) 

181 

-99 

67744 

96018 

221 

398 

98204 

97292 

182 

-23 

21674 

81728 

222 

110 

20261 

23073 

183 

175 

30326 

22824 

223 

733 

486 ^ 

21472 

184 

167 

49836 

18660 

224 

329 

36^3 

64176 

186 

-88 

00903 

06620 

226 

289 

78084 

26676 

186 

31 

96964 

80064 

226 

204 

35247 

03312 

187 

-369 

19961 

87608 

227 

-136 

98395 

66924 

188 

-395 

67769 

86112 

228 

-396 

47897 

80480 

189 

122 

69849 

16620 

229 

-1182 

44112 

23170 

190 

-123 

68718 

06400 

230 

-216 

ii:^ 

90240 

191 

276 

24033 

60692 

231 

-226 

67889 

18666 

192 

68 

02227 

85636 

232 

1084 

77921 

02400 

193 

644 

23876 

86442 

233 

-1766 

33634 

48618 

194 

-180 

03266 

46104 

234 

-167 

67411 

08816 

196 

-70 

31996 

84080 

236 

1297 

98932 

36680 

196 

249 

79327 

84704 

236 

763 

86079 

05280 

197 

-287 

60916 

04364 

237 

960 

64461 

11360 

198 

146 

81178 

76384 

238 

-277 

61910 

13604 

190 

72 

83914 

02200 

239 

-713 

96774 

62960 

200 

-216 

41746 

28000 

240 

120 

16024 ^3760 

201 

-390 

14203 

74768 

241 

-23 

13069 

09368 

202 

-196 

18310 

18448 

242 

-1 

rteoe 

78392 

203 

-216 

00408 

12720 

243 

1340 

07966 

61732 

204 

266 

17147 

81606 

244 

-1023 

99366 

90464 

206 / 

148 

82217 

34860 

246 

-819 

63419 

49810 

206 

641 

81230 

87662 

246 

-186 

36124 

33216 

207 

-211 

86773 

59896 

247 

-616 

96074 

67960 

208 

-67 

03069 

78368 

248 

-446 

41908 

32640 

209 

669 

97230 

69040 

249 

-739 

24461 

16336 

210 

48 

91230 

48960 

260 

861 

60264 

12000 

211 

-679 

31684 

39188 

251 

1298 

30636 

46262 

212 

234 

93939 

87466 

262 

-280 

09781 

13024 

213 

246 

74642 

88644 

263 

996 

69169 

30464 

214 

-216 

57902 

00644 

264 

630 

52128 

24676 

216 

-8 

27171 

69640 

266 

-840 

66266 

27440 

216 

-619 

06166 

78400 

268 

-1364 

18730 

96704 

217 

88 

48060 

04992 

267 

2366 

11926 

65606 

218 

-176 

36842 

31440 

268 

la 

36762 

81984 

219 

36 

88764 

13144 

269 

306 

09797 

29616 

220 

-380 

09630 

13120 

260 . 

410 

76785 

22880 
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n 

« ’ 

•(«) 


n 

t(») 

261 

-1469 

26146 

53090 

301 

28 

67628 

64762 

262 

-1615 

66902 

38368 

302 

1078 

67361 

48362 

263 

-2427 

37284 

64488 

303 

2069 

92266 

93704 

264 

1138 

13334 

83620 

304 

1062 

42714 

93120 

266 

-770 

89490 

21340 

305 

3359 

97919 

37460 

266 

428 

43555 

95520 

306 

-1883 

54653 

81488 

267 

-829 

32151 

11720 

307 

1631 

10928 

28566 

268 

2278 

92491 

73248 

308 

1317 

66717 

78816 

26 G 

2683 

77065 

43670 

309 

-6689 

02924 

19296 

270 

849 

45109 

63600 

310 

* 612 

66800 

34660 

271 

-376 

79323 

60628 

311 

4087 

61605 

76912 

272 

-681 

70960 

66024 

312 

-1220 

94411 

72480 

273 

243 

77586 

68144 

313 

-9948 

08327 

66438 

274 

713 

27699 

09136 

314 

-3156 

28021 

06744 

276 

-1363 

21916 

76700 

315 

919 

07094 

33360 

276 

-691 

56098 

88768 

316 

-6610 

79068 

40960 

277 

-1641 

89320 

06874 

317 

8336 

02483 

60366 

278 

-1432 

30468 

70660 

318 

966 

26448 

61604 

270 

600 

52661 

41024 

319 

6864 

77262 , 

^77660 

280 

-683 

21949 

89600 

320 

1303 

76033 

89440 

281 

2103 

67229 

07082 

321 

2274 

07971 

05712 

282 

-1625 

30837 

03808 

322 

749 

19107 

12832 

283 

1671 

31763 

26632 

323 

-7362 

70628 

66280 

284 

-1441 

30663 

20384 

324 

-246 

11672 

67302 

286 

1297 

66639 

67200 

325 

1473 

18712 

63060 

286 

741 

27760 

23744 

326 

868 

79862 

30112 

287 

-616 

91686 

80848 

327 

1861 

76344 

30120 

288 

2236 

42946 

06472 

328 

2603 

00149 

40160 

280 

1342 

00281 

04723 

320r 

-4499 

69632 

17024 

200 

-1488 

48966 

49600 

330 

-1661 

70002 
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LIFE HISTORY OF TYPHONIVM TRILOBATUM SCHOTT. 

By I Bankrji, D $c , DepartmerU of Botany, Calcutta University. 

(Received September 25,1946, read Apnl 4, 1047 ) 

The Miivis Typhonium contains about 25 species, distributed over the tropical 
regions of the world It occurs in Burma, Malaya, Siam, Ceylon, China, Malayasia 
and North Australia It has been reported from various parts of India, such as 
Bengal, Bihar, Onssa, Chota-Nagpur, Madras, the Eastern and Western Ghats 
and Assam 

Typhonium tnlobatum is one of the common aroids of Bengal It is a 
perenmal herb and is easily recognised by its threo-lobed hastate leaves, which appear 
to arise directly from the ground The plants grow in waste places and profusely 
flower from about the later part of May to the end of October Rarely they form a 
pure oommumty More often they grow along with such plants as Cyriodon dactylon, 
Digitana sanguinaUs, Paspvlasm scrobtculatum, RueUia tuberosa, Tridax procumbens, 
Boerhaama repens and Coloeasia anUqmnim 

T tnlobatum thrives in moist and partially shaded localities There is, however, 
considerable variation m size of the leaves according to conditions of growth At 
the end of the growmg season the above ground portion of the plant'dies down, and 
no trace of it is observed above the soil With the advent of the nevt monsoon, 
loaves appear a^ain from the underground stem 

Two varieties of Typhonium tnlobatum have been reported to occur Var 
genuinum Engler, has lamina hastately trisect and the apex of the spadix red, 
whereas the Var Schotti (Pram) Engler, has lamina hastately tnlobed and the apex 
of the spadix white The former variety oocurs in lower Bengal 


Pebtiotjb Work 

The family Araoeae has received much attention from botamsts Towards the 
beginnmg of this century Campbell (1900), Duggar (1900), Gow (1913) and others 
worked on the embryology of the family Later, Engler (1920) monographed the 
family, whde Solereder (1928) gave a comprehensive account of its anatomical 
features Jusson (1928) described m detail the haploid generation of some members, 
while Sohnarf (1931) reviewed the relevant bterature on the embryology of plants 
Ertl (1932) studied the nature of the venation Since 1928 a few more important 
publioatiohs on the morphology and cytology of plants belonging to this family 
have appeared, of which mention may be m^e of Boodle and Hill’s (1929) work 
on Typhonodorum Lindleyanum, Dudley’s (1937) on CaBa paluatns, Buell’s (1938) 
mvestigations on the life history of Aeonu edlamvs and GoldbergSe (1941) on Pel- 
tandra virgimea 

In India, not much work has been dime on thi^ family Blatter (1932) has 
revised the species occurring m the Bombay Presidency Barnes (1934) has de¬ 
scribed the morphology and the mode of pollination in the genus Ansaema occurring 
m the Nilgin Hula He (1938 and 1940) has also recorded nis observations on right 
and left handed asymmetry in South Indian Aroids, and has described a new species 
of Ansaema (A pstUacus), Asana and Sutaria (1935) have recorded the number 
and the morphology of the somatio and meiotio,(mromosome8 of Ansaema murrayi. 
TnUs was followed by a eontributlon by the present wnter (Banbrji, 1937) on 
the sterility of Cokoeasia antiquorum. Later, Asana and ^utana (1939) gave an 
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aooount of the morphology and the number of ohromoeomes of some Indian aroids 
MoCann (1943) has recently desonbed the light windows m the genus Cryptocorynt 


Matebial add Methods 

The material used in this inyestigation was mostly obtained from plants growing 
under natural conditions A few plants however were grown in the experimented 
garden for the purpose of closer observation 

I or anatomical work pieces of petiole leaves tuber spathe speulix and roots 
were fixed in Formahn acetic alcohol Microtome sections were made of these parts. 
Free hand sections wore also out and exammed The sections were stained either 
with Saframn and Fast green or Gentian Violet and Bismarok Brown combinations 

Fdt cytologioal studies root tips were collected from oorms grown in saw 
dust and ^cd in various modifications of Lewitsky s fluid The morphology of the 
chromosomes was best seen m material fixed m 1% Chromic acid one part and 
10% Formaldehyde 2 parts 

For the study of meiosis lofiorescenoes (the stanunate portion) m all stages 
of development were cut into discs 6 to 8 mm thick These were treated with 
Cornoy s fluid and then fixed m Nawashm s or Belhng s modified Nawashm s flmds 
Other fixatives were also tried but these did not give good results 

For embryologioal work AUen s modified Bourn s fluid and Lioent s fluid were 
chiefly used In this case also the material was out mto small discs to faoihtate 
penetration 

Fixation was earned out at different periods of the day It was found that 
meiotio stages in tho sporocytes were best obtained at about 8am whereas mitosis 
m the root tip cells was most common at about 11am The fixation was always 
done in the field and an exhaust pump was used whenever it was found necessary 
The materials were dehydrated and cleared in the usual way and finally embedded 
in paraffin Sections were out 8 to 20/i thick depending on the stage required for 
study 

Heidonhain s Iron alum Haematoxyhn and Newton s Gentian Violet lodme 
were the stains used for cytologioal studies lor the determination of chromosome 
nucleolus relationship as also tho number of nucleoli in telophase Bhadun and 
Sommens (1939) Feulgen Light Green stain was used Slides showing embryo 
logical stages were stamed with Heidenhams Haematoxyhn Orange G as a 
counter stam was used for certain preparations 


I Mobpholoqy 

The stem of Typhon\wn trUdbcAum is a subterranean norm of many mtemodes 
This 18 evident from the presence of withered leaf bases and soars on the siufaoe of 
the corm The conn originates from an axillary or terminal bud of the previous 
seasem s corm During the growmg season a large number of axillary buds develop 
on the mother corm these have their bluntly conical apices projecting upwards 
Sometimes these buds give rise to foliage leaves but generally they do not attam full 
development in the season They remain in a dormant condition while attadied 
to the mother corm In th^next season these buds develop mto separate plants, 
whde the mother corm shrivels and disint^ates This Mcounts for tho ocourrence 
of a laige number of plants m close aggregation 

In form the corm is somewhat sub globose or cylindnoal and white in oolovir. 
At the lower end is attached the dark brown shrivelled residue of the previous 
season’s corm In size it varies from 1 to 6 cm m diameter 'Ihe growing pomt 
IS situated at the top covered by the leaf bases Vegetative buds do notdevelop 
in the axiM eff the leaves of the growu^ season 
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Adventitious roots arise in two or nuH» layers below the tmninal portion of the 
conn These roots radiate more or less horisontally and are closely aggregated 
(Fig 1) "They pierce through the leaf-bases in many instances The roots are 
white m’oolour except the tips, which are somewhat yellowish The rest of the 
corm IS distinctly &ee from roots The older roots are shghtly fusiform at their 
base and show corrugated foldings of their surface, which extend from theu- point 
of insertion to a distance of about 30 mm or more in oertam oases, suggestmg 
thereby their contractile nature Various sti^^ of contraction are noted m different 
roots and it thus appears that there is no dimorphism m this respect and all the 
roots origmating directly from the corm contract with age These roots branch at 
some distance The branch roots are slender and non-oontraotile Where a 
number of daughter oorms develop together, each of them develops its own root 
system, which agrees m all essential features with that of the mother corm 

The lamina is glabrous, charactenstically hastate in form and somewhat trisect 
(Fig 3) The depth of lobation is a variable feature and depends on the size of the 
leaf The median lohe is slightly larger than the laterals The margm is entire 
and the apices of the lobes acute The petiole varies in length from 24 to 60 cm 
It IS somewhat circular in outlme except at the proximal portion where it becomes 
markedly grooved due to the development of the basal leaf sheath At the distal 
end also it shows the presence of a dender furrow on the adaxial side close to the 
lamina It is green m colour with a few disjoined red streaks on its surface The 
leaf base enoucles the stem at its point of insertion (Fig 2) It encases completely 
the next leaf and the adjoimng inflorescence durmg the early stages of their develop¬ 
ment by overlapping of one of the margins Lagular structures noted m some aroids 
are absent 

As IS oharactenstio of aroids, the leaf is retioulately veined The tnlohed 
lanuna is characterised by three principal veins AU the three primary veins extend 
up to the apex of the lobes The primary vein (midrib) of the central lobe appears 
to be a direct contmuation of the petiole, whereas the other two, branch at angles 
varying from 76® to 90° and proceed for about a centimetre or more without 
throwing off any lateral vem on the outer sides (Fig 3) Thus the lanuna is absent 
at these regions The lateral primary veins then throw off secondary branches as 
shown m figure 3 Tho lateral lobes of the leaf bemg asymmetrical, the secondary 
and tertiary veins are greater m number and branch more profusely on the outer side 
In all the three lobes, between the mam veins, there are simple cross-connections, 
which mostly form sharp angles The fields formed m this way are agam mter- 
maded into smaller fields by means of irr^ular running vascular bundles and also 
by oroes-oonueotions It is m th^ smaller fields that nerve endings are frequently 
seen and they appear to be branched 

Apart ^m this reticulate type of venation there are two sub-marginal veins, 
which run parallel m the leaf, coming very close together only at the apices of the 
lobes The inner sub-marginal vein is placed sli^tly mwa^ and dehmits the 
reticulated areas formed by the secondary and tertiary veins, as a result it is some¬ 
what wavy in contour The other sub-marginal vem is placed very close to tho edge 
and follows the outlme of the lanuna These two veins are connected by a smes 
of almost equidistant parallel veins, which branch shghtly at the distal ends 

The leaves are arranged on the tojp of the corm in a pentastiohous maimer. 
Ihe sixth leaf occurs directly above the first 

The vernation is somewhat pecuhar The leaf buds remam completely encased 
by the oataphyJls inside the sheathing base of the petiole of the subtending leaf. 
Owing to the growth m length of the petiole they emerge through tho oataphylls 
from the bases oS the subtendiiqg leaves as pomted structures (Fig 6) Close exami* 
nation revet^ that the inner maigins of the two lateral lobes of the leaf roll res¬ 
pectively towards the right and left side of the) petiole. This process extMids as far 
as their midribs The left median lobe as well as its oorresponding latwal thSn roll 



210 I BANXBJl UIK mSTOKY OF TYfHOHtVM TULDBATVM flCOSOTT. 

siniatrorsely, enoloolng the {nrevioualy rolled portion This process, as noted before 
in the later^ lobes, extMids only up to the nudnb. The right m^an lobe along 
with its corresponding lateral lol^ then rolls over in a dextrose manner and ooven 
the previously rolled portion of the median lobe as a flap In all 'these ^nxioeeses 
the inner surface of the leaf alwi^ remains inside, but the vernation cannot be sidd 
to be convolute or mvolute 

Figure 6 illnstratee diagrammatioally the nature of ptyxis as observed m serial 
sections A and B represent the basal lobes which will be seen to roll m opposite 
directions G represents the left half of the median lobe which rolls m a reverse 
direction to that of B Whereas D rolls ovw C and partly encases it, this being the 
right half of the median lobe. 

The unfolding of the leaf follows the elongation of the petiole and m this process 
the median lobes first uncoil m reverse direotions followed by the laterals (Fig. 4) 

The mfloreeoenoe is a spadix closely enclosed by the spathe It arises as an 
axillary structure and during its early developmental stages lies completely encased 
inside the loaf base It emerges only after the leaf has attained its full ^mansion 
In size it IB variable, generally it is about 15 cm long The peduncle is compara¬ 
tively short, it is greenish white in colour with conspicuous red streaks on its upper 
end It 18 somewhat oval m outhne and shows the presence of a longitudinal groove 
on the inner surface At the distal end, this groove demarcates the position of the 
lobes of the spathe 

In the bud stage the spathe is convolute and encases the spadix completely 
The direction of the twist of the spathe as observed previously by Barnes (1938) 
18 both left- and right-handed The latter, however, seems to be more frequent 
The spathe is about 20 cm long, but its size, as of all other OTgftns, is variable It 
is broadest at the central region and tapers at the apex When fully expanded it 
stands out as a conical structure of which one side is greatly extended Below the 
conical base a barrel-shaped ohambm* is formed, the top of which is oonstnoted The 
spathe is green with red streaks on the dorsal surface and scarlet on the 
ventral surfaoe up to the nook of the constriction This surface is velvety to touch 
Inside the oonstnoted ares the ventral surface is green except for the presence of 
occasional rod streaks 

The unfolding of the spathe takes place by the unwinding of the flap above the 
constricted region, the process being oompleted in the course of 3 to 4 hours When 
fully opened, part of the spathe stands out at one side as a scarlet standard behmd the 
crimson coloured appendix of the spadix Below the oonstnoted region the 
overlap is retained and the barrel-shaped chamber persists 

It IB mtereeting to note that only the spathe shows parallel venation This 
18 very clearly seen on the dorsal surfaoe, the vems converging towards the tip 

The region of the spadix above the peduncle can be separated into two regions 
commonly referred to as the fertile emd the sterile regions The latter ooenpies 
about I the length of the axis and is situated at the top It is a oomoal, somev^t 
swollen, onmson coloured structure, with a broadly pointed end This is oommonly 
known as the appendage Below the appendage the rachis becomes very mnoh 
attenuated for a very shiwt distanoe (a few millimetres) and then oomes the region 
of male flowers followed by a short white barren area (about 1 to 2 om ) Imme¬ 
diately below this remon liw the neutw flowers, these being represented by long white 
filiform processes ^mch give a brush-like ^pearanoe. The female flowers ooonr 
immediately below this and extend up to the base of the spadix The neuter and 
the fismale flowers be uuuds the barrel-shaped ohambmr of the spathe, while tbe male 
flowers and the appmidage be above the (XHistnoted region. Figure 8 shows dta- 
mmmatioally the nature of the spadix and the spatial distribution of the flowers 
It would be noted that the area ooeuifled by ^e male flowers is greater than those 
oooupied by either the neuter or tte mnale flowers. 
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The male flowers are arranged m an aoyolic mannw on the axis The staminate 
inflorescence appears to be red with white dots on the surface This is due to the 



Flew 1-11 Tf/phonttm trUobatum Fig 1 The conn, note the axillary bud and the nature 
and ori(^ of the contractile roots (t Nat B»e) Fig 2 The amplexicaul nature of the leaf 
baas (I Nat size) Fig 3 The leaf, illustrating its form and nature of vention (t Nat sine) 
Figs 4 and 6 The nature of opening of the leaves Nat size) Fig 0 Diagraminatio repre 
sentation of a transverse section of a bud showing the nature of ptyzis Fig 7 The spathe with 
appendage; note the barrel shaped chamber below (| Nat size) Fig 8 The spadix showing 
the appendage, male, neuter and the female flowers (} Nat size) Fig 9. The appendage and 
the region of male flowers: note some sttfiy anthers at the base of the appendage (i Nat size) 
Fig, 10 The mature fruit (X2) Fig. 11a. A section of a gormmatlng seed.O-e—Stages 
of germination (x 8). 

difference in colour of thef anther lobes and the connective, the former being pink 
and the latter white The flowers are without any perianth and consists of a single 
stamen, with a broad oonnective and bilocular anthers, the filament being extremely 
reduced The* oonnective is slightly depressed at the top and also oompressed 
laterally The pollen graiiw are sphenod, road coloured and show granulations on 
the surtaoe. 
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The neuter flowers, as already stated, are represented by white filiform processes, 
which are about 40 mm long and Jiave rounded ends. 

The female flowers are also devoid of any penanth and consist of a pitcher shaped 
ovary with sessile stigmas The ovary is unilocular and oontwrtB^ single basal 
orthotropous ovule 

A study of the mode of pollination shows that the flowers are proterogynous and 
the spathe unfolds itself towards the evening The inner scarlet surface of the spathe, 
as also the foetid odour given out by the spadix attract inseots The barrel-shaped 
chamber enclosing the female and neater flowers is not tightly closed at this stage, 
BO that small inseots can find easy access Insects alighting on the spathe, slip 
down to the neck of the chamber on account of the velvety surface of the latter and 
get inside the chamber Late at night, the oonatnoted neck oloees tightly so that 
the inseots (mostly small beetles) find egress impossible and are trapped inside The 
anthers dehisce late in the evening next day and one notices masses of pollen grains 
lying at the neck of the constriction Later on, when the constriction opens, the 
inseots come out, their bodies covered with pollen grains These insects when they 
visit other flowers get entrapped and thus oross-poUmation is effected Laboratory 
experiments on pollen germination show that the pollen grains remam viable for a 
period of 48 to 72 hours after shedding and thus chances of eross-pollmation appear 
to be great 

The spathe shows signs of degeneration on the second day The degeneration 
of the papillate cells is particularly evident, as a result of which the oolour^ades and 
withm a week everything above the constricted rogon degenerates, so that only 
female flowers remain (the neuter flowers are mostly eaten away by the insects) 
The mouth of the constriction remains closed The fruit takes from 20 to 26 days to 
mature When the fruits become mature the spathe unrolls backwards exposing 
the frmts This faciLtates their dispersal 

The fruit IS an ovoid one-seeded berry, about 10 mm long The distal end is 
greenish white, while the proximal end is white and glossy Seeds are 4-6 mm 
long, about 3 mm wide, groyish-black, ovate, broad at the base and slightly oon- 
stneted at the middle (Eig 10) The funiculus is about 1 mm long Endosperm is 
present 

The seeds genmnate in moist saw dust and in ordinary tap water in the course 
of a week Laboratory experiments as also observations made in the field seem to 
indicate that the seeds have no period of rest 

The first sign of germination is the protrusion of a part of the cotyledon through 
the mioropyle (Fig 116) Sections of germinating seeds at this stage show that the 
base of the cotyledon protrudes out carrying along with it the plumule and the 
radicle Port of the cotyledon which remains inside the seed serves as an absorbing 
organ (Fig 11a) The radicle next elongates and gives rise to the primary root, 
while the plumule gives out the first leaf which appears in a convoluted form through 
the cotyledonary slit The hjrpocotyledonary region above the primary root next 
increases in size and becomes globular This is subsequently transformed into the 
oorm At this stage the primary root generally perishes and is replaced by advmiti- 
tious roots which arise above the radiofo. Figure 11, 6, c, d and e illustrate vanous 
stages of germination. 

The fet leaf of the seedling is small and cordate m shape The later leaves 
show an moreaee in the size of the lateral lobes and gradually become somewhat 
anrioulate in form. From this by gradual stages the typically tnlobed structure 
18 reached. 

The mode of propamtion of the plants appears to be both sexual and vegetative. 
The latter method has been discussed before. The seed germinates m the soil very 
soon after dispersal and sends out one or more leaves, which, however; disappear 
very soon on account of the end of the growing season, the oorm which peremuites 
underground sends up the aenal organs next season. 
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II Anatomy 

Oorm —^The oorm is oomposed of a oompaot mass of parenohymatous ooUs which 
do not show the presence of intercellular spaces These cells are rich m starch 
oontents Vascular bundles are of the closed collateral type, but do not show the 
typical scattered arrangement and appear to be disposed more or less m the form 
of a nng The typical scattered arrangement, however, is met with at the points 
of insertion of the petiole and the jiedunole The oorm grows in thickness by the 
multiphoation and enlargement of the ground parenchymatous cells 

Periderm formation takes place at a very early stage when the oorm has a dia¬ 
meter of about 8 mm This process continues even in mature corms The periderm 
does not form a continuous oyhnder but occurs in isolated patches The phellogon 
18 hypedermal in origm (Fig 18) It outs off a large number of cork cells on the 
outside and a few layers of phelloderm cells on the inside 

The cells composing the phellem are uniform m shape and radially elongated 
They are empty, non-livmg and without pit^ The oelU of the phellodwm show 
the presence of cytoplasm and nuoleus and are loosely arranged The phollogen 
occurs as a single layer of cells and shows the usual features 

PttwU —A cross-section of the petiole shows the presence of shghtly elevated 
ndges and furrows Externally it is bounded by a single layer of somewhat rect¬ 
angular epidermal cells, the outer walls of which are not thickly cutimsed Stomata 
are few in number and these are found mostly m the furrows and he at the same 
level as the epidermal cells Ovoid bands of mechamoal tissues are situated as 
hypodermal bands below the ridges These are oomposed of a large number of 
coUenohymatous cells (Fig 17) The number of such bands occurring m a single 
petiole 18 variable, genewdly about 20 are present, but this depends mainly on the 
diameter of the petiole Infiroquent union of such bands is noted at the distal end 
of the petiole The coUenohymatous cells are of the prosenchymatous type and 
superficially resemble solerenchymatous fibres The cells shltw unequal thickenmgs 
and have pomted ends which are unthiokened The length of these cells is very 
variable They measure from 180 to 700fi, the mean length being about 400^ 
Transverse sections show that they are of the angular type A single nuoleus is 
present m each cell 

ChlorenohymatouB colls, two to three layers in thickness, occur below the epi¬ 
dermis m between the bands of coUenohymatous cells Interspersed among these 
are present a variable number of cells contauung red anthooyanin pigment These 
are generaUy separate from one another The ground tissue is composed of isodia- 
metric parenchymatous cells with interceUular sjiaoos Vascular bundles are closed, 
coUateral and show a scattered arrangement The outermost vascular bundles 
occur in the form of a ring below the oollenchymatous bands with the xylem facing 
mwards They ore, however, separated from these bands by two to three layers 
of parenchymatous cells The xylem consists of a large annular and two or three 
snudler spiral and annular vessels Reticulated or pitted elements are entirely 
absent A few xylem parenchyma cells are also present The phloem is composed 
of sieve tubes and oompamon cells, phloem parenchymafiieing totally absent (Fig. 14) 

Leaves —^The leaves are dormventral. The upper epidermal cells are somewhat 
rectangular m shape with their outer waUs thioUy cutimsed The cuticle can be 
separated from the walls when treated with sulphuric acid Stomata qponr on both 
sunaces. The average number of stomata pr sq mm was found to be 2 in the 
upper and 8 in the lower epidermis Subsidiary cells ore present along with the 
guard* cells and as usual a respiratory cavity occurs below each stoma (Fig 16) 
^e meeophyll consists of a sin^e layer of palhsade cells and 4 to 6 layers of spongy 
parenchyma (Fig 12) The vascular bundles show the usual structure Associated 
with ea^ vascular bundlejs a hypodermal b4nd of oolleiohymatous cells, which 
occur oa. the dorsal side. 
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Spaihe —Anatomy of the epathe shows that the inner soarlet covered velvety 
surface is closely covered by papillose protrosions. These cells have thin walls mid 
contain red anthooyanm pigment in the vacuoles A few stomata (1 per sq. mm. 
area) occur in between these cells Immediately below this oceni'lfvetangular oells 
in a smgle layer These cells closely resemble the dorsal epidermal cells, but cure 
somewhat larger Next to this and extending up to the lower epidermal oells, are 
found chlorenohymatous cells. There is slight development of mteroellular spaces. 



ohymatouR band of the mtiole (x400) Fig IS The hypodermal origin of the phellogen 
4x120) Fig 19 L S or a contractile root to show the nature of oorrugetion and tbedtsposiUmi 
of the tuBUM (xlS) Fig 20 L S of the ovary showing the styUf canal and the acentric 
pature of the orthotropous ovule (xlO) Fig 21. The hypodermal ongm of the HJl.C. 
(X420) Fig 22 Homotypic division (X420). Fig 28 Linear tetrad of megasporea (X12B) 
38^.24. The mature emb^o sac note the‘pMtament’like cells at the base (X4m) Fig. 25 
Mioropylar and cbalazsl chamber produced by the 1st division of the endospenn nuclW (VMO) 
Fig 26 The enlargement of the basal chamber and the division of the mioropylar nucleus 
t X 800). Big 27. A later stage of endosperm formatiim note the enlarged basal cell (X ISO). 
Fig 28 The niieellar cap (X 46) Fig 20 L 6. of a mature fruit: a—ovarian wall, b—out«r 
mtegumentt o—crushed inner integument; «f—empty basal chamber (x6) Fi|^ 20-24. 
Stages in the developinent of the embryo (X160). Fig. 36. A fully developed emb^ ( X20). 
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The outer walla of the loww epidermal oella me uhthiokened. The aTerage atomatal 
irequenoy is 8 per aq mm 

Yaaoular bundles are situated mostly m the central region. Aasooiated with 
each bundle is present a strengthening band composed of oollenohjmistous cells 
These bands occur at the abaxial side of the spathe below the ejudermis They are 
sepuated from the vascular bundles by a few layers of parenchymatous cells (Fig 16) 
A cross-section of the appendage shows it to be circular or ovoid in outlme 
It IS bounded by a single layer of epidermal cells, which show slight variation in size 
Stomata are present, but are few in number The ground tissue is composed of starch- 
filled parench 3 nnatous cells which are separate by intercellular spaces Wide 
schizogenous cavities are sometimes present at this region Vascular bundles occur 
below the starch-filled cells and are t>f the usual closed collateral type These 
bundles send out traces diagonally which end at the hypodermal region Elongated 
crystal sacs oontaming raphides are disposed radiaUy m one or two senes m the 
peripheral r^on amongst the starch oontammg cells They are absent in the 
central region 

Boot —The growing pomt of the root shows the presence of a root cap The 
root cap and the hist^ens of the root are derived from a common primordial 
menstem The cells composing the root cap are larger m size and contam starch 
grams These are, however, located mainly m the central region (Columella of 
N6mecT of the root cap and the surroundmg cells are free from it The three histo- 
genio layers become differentiated a httle below the primordial menstem The 
plwome appears to be wider than the peribiem 

A t s of the mature root shows the presence of exodermis, which is two-layered 
at certam regions This is followed by the cortex compost of many layers of 
parenchymatous cells with slight development of interoeUulu spaces The endo- 
dermal cells have their radial walls subensed Below this occurs a single layer of 
parenchymatous cells of the pencycle The vascular bundles show the charactenstio 
radial arrangement The number of xylem strands vanes from six to eight, the 
largest number of roots possessing six A single large annular vessel and a few 
spiral vessels are the elements of the xylem, while phloem is composed of sieve tubes 
and oompamon cells, no conjunctive tissue or pith is present. 

Figinw 13 represents t s of a part of a root which is ootaroh It will be noted 
that the central region is occupied by a large vessel Developmental studies mdiChte 
that this 18 a protoxylem element, which is the first to differentiate mto an annular 
vessel Metaxylem elements as m the petiole are absent 

A study of the constnoted region of the roots shows that the depth of oonstnotion 
extends ramally to about half the cortex and is not nodal m character The folding 
is of the nature of ridges and furrows, which may be narrow or broad Longitudin^ 
sections show that the outer cortical tissue is alone concerned m the process, the 
epidermal cells above remam mtact at most places. At the pomt of constriction 
the cells get extremely compressed laterally and give a lamellated aj^arance Those 
lying msTde the ndges as well as the cells occurring below the regjon eff oonstnotion 
ai^iear to have moreased m length (Fig 19), the latter being longer than the former 
Calcium Oxalate Crystals —Needle shaped crystals of calcium oxalate are 
present m different ptfts of the plant body. They are, however, absent m the 
mature roots and m the axis of we spadix below the appendicular region The 
size of the crystal sacs occurring m the different parts of the plant is,variable The 
largest are found m the appoidage of the spadix, where they range from 66 2 to 
2S4‘72p, the average being 169 62p. The dispoeition of the orjrstids inside a sac 
is variable, and the occurrence of mine than one bundle of crystals inside a sac is 
not iidreqaent. The averam length oi the mdividual crystal is about 60/i 

The mst indication ^ we mngm of the erystal sacs is noted by the shght mmease 
in idze of the cell, follow^ by a correspondibg increase in size of its nudem and 
nooWolua. <qrt<q^|asm is very d«^ at this stage. At the next stags small 
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TMuoles become apparent m the oytoplaem and the nuoleus is poshed to the peri¬ 
phery At this st^ the appearance of granular matter is firrt noted inside the 
vacuoles Along with the progressive morease m size of the oella its nuoleus and 
nucleolus also morease m size, and the raphides beoome ap]psrem;'''’'^e nucleus 
generally bes at one side of the cell but m a few instanoes it has been observed to 
occupy a central position surrounded by groups of crystals When the sac attains 
its full dimension the nuoleus disorganises, and no trace of it or the O 3 rtoplaam 
remauis 

It is interesting to note in this ooimeotion that with the gradual morease m size 
of the nuoleus, the chromosomes beoome differentiated and generally two or three 
of them are seen to be attached to the nucleolus The prophasio condition of the 
nucleus continues till the crystals are organised, when it disappears Thus it 
appears that the nuoleus has a distinct rdle m the formation of the crystals 


in Embeyolooy 

The early indication of the development of the pistillate flowers is noted by 
the protrusion of the papillate processes on the aicis The growth of the pnmordia 
soon becomes arrested and from its base meristematio tissue appears in the form of 
a ring This grows upwards and later ourves inwards to meet at the centre Thus 
the ovary is organised as a closed chamber The centre of the primordial tissue 
later gives rise to the placenta from which a smgle orthotropous ovule develops 
The growth of the ovule, as compared to that of the ovary, is comparatively rapid 
In most oases on account of the absence of space inside the ovarian chamber the tip 
of the ovule lies eccentrically at one side due to the curvature of the fumole as 
illustrated in figure 20 Later, however, when the ovule becomes fully developed 
the fumculus straightens itself, still, in most oases the mioropyle is eccentrically 
placed The stigma is sessile and somewhat concave on the outer surface, from which 
unicellular hairs are produced A very slender stylar canal is present, this is bounded 
inside the ovary by auricular processes of the ovarian wall 

The pnmordium from which the ovule arises grows upwards from the basal 
placenta os a hemisphencal mass of tissue The inner mtegument soon becomes 
^fferentiated and by its rapid growth encloses the nucellar tissue at an early stage 
of its development The pnmordium of the outer integument appears soon after 
the inner, but its growth is comparatively slow In the mature ovule the nuoellus 
IS completely enoMed by the inner integument the tip of which becomes somewhat 
swollen and forms a narrow nuoropyle The outer integument stands at a slightly 
lower level and the portion next to the funiculus is broader than the apex The 
inner mtegument is composed of throe layers of cells except at the tip where it is 
swollen and consists of four to six layers of cells The cells lining the mioropyle 
have dense cytoplasm and are radially elongated The inner layer of the inner 
mtegument subs^uently forms the tapetal layer of the megagametophyte and is 
composed of rbotangular cells with their longm* axis perpendicular to the longi- 
tudmal axis of the ovule 

Three vascular traces enter each ovule These umte in the fumole and spht 
m the ohalazal region mto two branches, which enter the outer mtegument and 
extend nearly up to the nuoropyle 

A smgle hypodermal cell at the apex of the ovule becomes differentiated as the 
aroheeponal oelf and directly functions as the megaspore mother cell (Fig 21) It 
enlw^;es during the meiotio divisions and the cytoplasm becomes finely vacuolate. 
During diakmeeis 0 pairs of chromosomes are seen inside the nuoleuB At t^ 
stage the epidermal ow overlying the m^aspore mother cell divides perldinally so 
that It is pushed mnde the nni^us IVo cells are produced following the first 
division of the M M C Both of which divide simultaneously and the spindles lie 
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parallel to the longitudinal axis of the ovule (Kg 22) The result of these divisions 
18 the production of a linear tetrad of megaspores (Fig 23) 

The mioropylar megaspore is the first to degenerate followed by the next two m 
auooession The ohalazal megasporo by its activity gives nso to the megagameto- 
phyte At the bmucleate stage a large vacuole forms between the two nuclei which 
ue at each end Further divisions of those nuclei lead to the production of a four-, 
and later, of an eight-nucleate megagametophyte From the bmucleate stage 
onwards degeneration of the surrounding cells of the nucellus is noted and the process 
18 almost complete at the eight-nuoleate stage, when the embryo sao is directly in 
contact with the inner mtegument The cells derived from the epidermal coll above, 
however, have divided several times and produced a nuoellar cap composed of many 
cells (Fig 28) 

In the eight-nucleate megagametophyte the synergids aro somewhat pear- 
shaped and have the usual basal vacuole The egg is somewhat inconspicuous and 
generally hes covered up by the synergids (Fig 24) The polar nuclei migrate to the 
centre of the megagametophyte and fuse Due to the differential growth of the 
embryo-sac following the fusion of these nuclei it comes to lie adjacent to the anti¬ 
podal The antip^als are three m number and appear as distinct cells They 
are about twice the size of the synergids and are triangular in form, with the pointed 
ends projeotmg downwards Fig 24 illustrates a mature embryo sao and its 
component parts 

The poUen tube enters the embryo-sac by the way of the micropylo and its 
remnants can bo soon m many preparations showing this stage ^ Stages of fertilisation 
were, however, not observed After syngamy tho synergids and the antipodals 
degenerate and the egg remains suspended from the micropylar end of the sao It 
appears to be somewhat elongated at this stage The embryo sac becomes consi¬ 
derably elongated after fertilisation and the primary endosperm nucleus lies close 
to the base of the sao At this stage the cells of the nucellus lying m contact with 
the ohalazal end of the embryo-sac show a typical ‘postament’ like appearance 
(Fig 24) But it should be noted that with the gradual enlargement of the embryo- 
f^ac, which occurs during the post-fertilisation stages resorption of the nucellus at 
the ohalazal end takes place and all trace of this strand like tissue is lost 

As m most plants the endosperm nucleus divides before the oosporo It 
migrates slightly towards the centre of the sac before division Karyokinesis is 
followed by wall formation and the embryo-sac becomes divided into a large 
micropylar and a small basal chamber (Fig 26) The latter, however, increases very 
much in size in later stages The ipicropylar endosperm cell very soon divides 
transversely (Fig 26) Tlmi is followed by divisions in similar planes of tho daughter 
•cells At this stage the cells of tho lower tiers divide longitudinally while those 
of the upper might divide several times transversely Later divisions take place 
m various planes and a typical cellular endoiperm is formed cappmg the large 
basal cell (Kg 27) Along with the growth of tho ovule tho endosperm cells mul¬ 
tiply rapidly and extend inwards m the form of an aro which, however, later becomes 
convex m form (Fig 29) The lateral edges of the endosperm tissue which aro one 
cell m thickness extend mwards and line the basal chamber for a considerable 
distance In the later stages of development the endosperm increases mainly duo 
to the activity of its outermost layers of cells, which hne the basal chambei The 
inner cells booome conspicuously vacuolated and elongated With the rapid 
development of the endosperm tissue the nuoellar cap dismtegrates and no trace 
of it IS found in later stages The oolls of the endosperm show abundant starch 
grams 

Tho ohalazal cell never divides but reaches an enormous size, oooupying nearly 
one-third the space of the embryo-sao cavity, its nucleus also shows ocnrrosponding 
mozBasc in size and is surrounded by dwise oytoj^lasm. The form of the nucleolus 
aj^iean to be somewhat irregular at this stage, to later stages of the development 
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of the seed it oompletoly diBint^rstea With the development of the endosperm 
in the mioropylar chamber, the basal ohambor gradnally becomes reduoed m size 
and m the mature seed it oooupies about one-third the space ef the embryo-sac 
The iiuoellar cells lymg immediately below the basal chamber signs of dis¬ 
integration as the chamber increases in size This is very conspicuous m the later 
stages Thus it appears that the basal cell is haustonal in fiinotion and brmgs 
about a dismtegration of the surrounding cells by the secretion of an enzyme In 
the mature seed the mioropylar portion oontaming the endosperm and embryo are 
promment, whde the basal ohamber with the haustonal cell along with the surround- 
mg coat of the parent sporophyte remains as a withered protuberance at the chalazal 
end (Fig 10) 

The embryo develops more slowly than the endosperm The oospore divides 
after a few oells have been formed in the rmoropylar chamber of the endosperm and 
the first division is periolmal (Fig 30) The mioropylar cell is larger and grows 
slightly m size at later stages but does not undergo any iurther division and remains 
as a ono-cellod suspensor The smaller distal cell gives nse to the embryo proper 
Its first division is longitudinal, i e , perpendicular to the previous plane of division 
(Fig 31). This is followed by transverse divisions m both the daughter cells (Fig 32) 
The next stage observed shows the embryo to bo composed of two tiers of cells The 
immediately succeeding stages have not been observed and a globular embryo is 
next noted m which the dermatogen appears to have differentiated (Fig 33) Cell 
division now takes place in various planes and the embryo beoomss somewhat 
ovoid m form Very soon a notch appears at one side of the embryo which separates 
the terminal cotyledon from the lateral plumule primordium In later stages the 
terminal cotyledon enlarges rapidly with the result that the plumule is puah^ close 
to the mioropylar end of the embryo The radicular portion of the embryo does 
not appear to be well differentiated even at this stage In the mature embryo, the 
growing point appears to be a hemispherical projection covered up by a few rudi¬ 
mentary caulme leaves (Fig 35) 

A transverse section of the embryo m the region of the plumule shows the 
hemispherical growing pomt partly encased by the leaf pnmordia 

Figure 29 represents a longitudinal section of a mature &uit where the com¬ 
parative size and position of the embryo, endosperm and basal ohamber are clearly 
seen Externally the fruit is covered by the pericarp Below this occurs the 
outer integument, whde the inner integument is seen os a disorganised layer closely 
adpressed to the endosperm At the lower end, the large empty basal ohamber 
remains surrounded by the partly disorganised cells of the nuoellus. 

rv Cytology 

Miiosta —^The diploid number of chromosomes as determmed from root tip 
cells in Typhonmm tntobaium is 18. The complement is made up of 6 long, 6 medium 
and 0 short chromosomes Of these 4 chromosomes possess trabants and two show 
secondary constnctions The centromere constrictions appear to bo differently 
located Thus of the 6 long chromosomes 4 have sub-terminal constrictions and 2 
median, the 6 short chromosomoa median, and of the 6 medium chromosomes, 2 have 
subterminal and 4 median attachment, while the 4 SAT-chromosomes have mediah 
constnctions. The Sat-chromosomes show slight difference in length of the filament 
but the nature of the trabant appears to be the same (Fig 36) 

When the onset of prophase the chromosomes appear as small globular bodies 
which lie mostly adpresi^ to the nuclear membrane From these the organisation 
of closely coded threads inside the nucleus soon becomes apparent. The nucleus 
as dbm tne nucleolus attam their maximum size at this stage The latter lies some¬ 
what eccmihricaily and is seen to be connected to a number of chromosomes Ciasefat 
examination iffFeulgen-Light-Oreen preparations shows that the secondary oonstrioted 
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&ad Sat-ohromoBomes are alone attached to the nnoleolns Fignre 37 shows an 
attcushment by three such chromosomes The nvimber of nuoleou occurring at this 
stage IS variable Generally a single large nucleolus is present, but two nucleoli 
are frequently seen, while throe or more ate less frequent Where there are more 
than one nuoleoh, an appreciable size difference is no^ 

With the disappearance of the nuclear membrane the chromosomes become 
regularly aligned at the equatorial region of the spindle The nucleolus as a rule 
disappears at this stage, but m a few instances it has been noted to lie either in the 
central region or move boddy to one of the polos m advance of the chromosomes 
In the former case it generally divides mto two unequal halves which move to the 
opposite poles, and aro later oast out into the cytoplasm 

Polar view of metaphase shows that the chromosomes are double The nature 
of the twisting of the chromatids could not, however, be made out on account of 
their small size 

The anaphasio movement of the ohromosomee appears to be regular and no 
laggards have been noted The chromosomes on reaching the poles ho free from one 
another and the homologue of each chromosome can be made out The longer 
chromosomes do not appear to be situated at the ponphory of spmdle 

Examination of tmophase nuclei shows that the ohromosomes have undergone 
a oertam amount of expansion and appear as elongated threads In some of the 
chromosomes the spht for the next division is apparent The number of nuoleoh 
m each nucleus appears to be variable at this stage The maximum number of 
independent nucleoli observed was six (Fig 38) Fusion of these nuoleoh commonly 
takes place and one large or two equal sized nuoleoh are generally seen at later stagey 
Durmg early telophase the protoplast assumes a phragmoplastio appoaranoo 
and a hyabne cell plate appears m the central region The phragmoplast soon in¬ 
creases m size and extends laterally Along with this the spm&e fibres m the central 
region disappears, but those at the periphery become oonspiouous As the phrag¬ 
moplast touches the lateral walls of the oell, these stnations also disappear and the 
cell plate extends both ways Thus the phr^pnoplast brmgs about a division of the 
oell by its growth and lateral expansion It is mtorostmg to note that such a mode 
of oytokinesis has been observed previously by Sharp (Itil 1) m Phyeoskgva virgtnuma 
and recently by Rao (1942) in Santalum album 

Metofta —^Tho primoidia of the anthers develop later than those of the 
ovule, while those producing the filiform prooesses, the so-called neuter fiowers 
develop last 

The imtiation of anther primordia is noted by the moreaso m length and anti- 
obnal division of the hypodermal cells m the stammate region of the spadix The 
cells in this region become demarcated m groups of actively dividing cells Very 
soon the surface of the spadix beoomes wavy m outline and graduallj' the anthers 
protrude out These appear to be quadrilocular in transverse sections 

The development of the sporogenous cells could not be defimtoly traced, but 
the arohesponal cells are hypi^ermal m origin When the sporogenous cells are 
first noted they are seen to bo separated from the epidermis by six layers of cells 
Of these the outer four layers are somewhat elongated and form the parietal layers, 
while the inner two represent the tapetal layers and are somewhat polygonal in 
shape 

The spesrogenous cells could be made out by thoir bigger size, greater chcoma- 
ticity and dense cytoplasm The nucleus of the mother oell is apherioal in shape 
and h«u« a well-defined nuclear membrane It ooiitains a deeply stained nucleolus and 
faintly stained ohromatio threads, whioh are spread uniformly throughout the nuclear 
cavity Prophase of the meiotio division is noted ^ the greater ohromatioity of 
the threads which appear to be somewhat twisted. The separate threads could not 
be traoted at this stage. Occasionally, however, free oods are seen. Faumg of the 
Icptotene threads is noted by the appearanee of threads which ue thicker at certain 
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regions and thinner at others When pairing ui complete the threads become thicker 
and shorter and contract to one side of the nuclear cavity and finally condense mto 
a tight symzetio knot Generally one nucleolus is present at this stage, which may 
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FloS. 86-47. Typhonium tnlobatum Fig 86. The lomatio complement of 18 ohromo- 
someslxSfiOO) Fig 87, Attachment of Sat andSeo constricted chromosomes to the nuoleohis. 
(X 8800). Fig 88 Telophase nuclei (eomatio)—with elx nuoleoh in each nucleus (x 8800). 
Fig. 80. Frophase of meiotic nucleus (X8800) Fig 40. Pachynema (x3800) Fto 41 
Dialdnesla (x8^) Fig 42. ConBguration of bivalents at metaphase (x 3800) Fig Mo-e. 
Varions of seconds^ assooiatim (X 2440) Fig 44. Anaphase I. Chromosome bridge 
and fragment (x3600) Fig 48. Telophase, I divisioni note three nuoleoU in each nucleus 
(X 8500). Fig. 46. Part of pertelasmodhim lowing the peripheral position of nuclei (X 480). 
Elf 47; Blnnolwte pollm grain (xSSOO). 
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or may not be enclosed m the meshes of the oontraoted knot Loops are frequently 
thrown out from the synizetio knot and these are distinctly double in nature Tight 
symzetic knots as seen in this material are now regarded as artefacts produced by 
fixmg agents accentuating the real contraction of the chromosomes Nevertheless, 
synizesis represents a very dchoate condition of the nucleus On recovery from 
synizesis the threads become distmctly tlucker and he freely distributed inside the 
nuclear cavity (Fig 40) The double nature of the chromosomes becomes evident 
at places A single nucleolus is present, to which three pairs of chromosomes are 
seen to be attached 

Progressive condensation of the chromosomes takes place till tho diplotene 
stage 18 reached, which is noted by the separation of the paired chromosomes The 
quadripartite nature of the chromosomes could not, however, bo made out, but the 
chromosomes seem to have an irregular outline At this stage chiasmata are seen to 
connect the chromatids The chiasmata undergo terminal movement on the 
condensation of the chromosomes to form tho bivalents 

At diakmesiB terrainalisation of the chiasmata is complete and the mne bivalent 
chromosomes which appear as rod-shaped bodies ho approximately equidistant from 
one another According to Lawrence (1931) this is due to a nipulsion phase which 
IS initiated earlier and contmues up to diakinesis In most preparations showing 
this stage three bivalents are regularly seen to be attached to the nucleolus which is 
spherical in shape Tho bivalents appear to be almost similar In no case was 
multivalent formation noted It is at this stage that the pollen mother cells show 
signs of rounding off 

Towards the close of diakmeam, the nucleolus disappears by progressive diminu¬ 
tion m size and tho bivalents move towards the centre of the nucleus forming groups 
or associations This is the commencement of the secondary pairing of tho chromo¬ 
somes which becomes marked m metaphase This association of chromosomes v 
also observed m met^hase II 

An analysis of different types of secondary association as observed m metsphase 
1 18 presented in Table I below 


Table I 


Types of Secondary 4 tsoi mtton 


No of 

No of bivalents m association 

Maximum association 
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number 
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1 

2 

3 
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3 

3 

3 



3(2)-|-3 
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13 

2 
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6 
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1 
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1 
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4 
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7 

2 
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l(8)-|-8 

7 


7* Total. 
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The maximum number of assooiation between bivalents was found to be 
1(4)+1(3)+ 1(2) It shows one group of four, one group of three and one group 
of two making three separate associations 

Side view of metaphase shows that the bivalent ofaromosomSb^group themselves 
regularly on the equatorial region of the spmdle They appear to be equally spaced 
and the two members of a pau- can be easily made out m most oases (Fig 42) 
Koeondary association is mamtamed to some extent at anaphase Different views 
have been expressed for the anaphasio separation of the chromosomes Kuwada 
(1929) behoves this is due to polar attraction, while Darlington (1932) is of opmion 
that it IS a ‘polar’ repulsion, which is essential for metaphasio equilibrium Cat- 
cheside (1934) suggests that the attaohmont oonstrictions are the regions of localised 
forces, which lead to a mutual ropalsicm of the chromosomes of a bivalent Alam 
(1936) thinks that the anaphasio separation is the result of more than one force 
‘Repulsion between attachment constrictions and the attraction of tho poles ’ 

Separation at anaphase I is normal in most oases In a very few anthers (less 
than 5%), however, the pollen mother cells show the presence of inversion bridges 
Plach of these bridges produce a dioentrio chromosome and an acentric fragment 
(Fig 44) The acentric fragments are very small mdicatmg that not only tho m- 
verted segments are small but also the ohiasmata are extremely ternunal Tho fate 
of these inversion bridges could not bo olearly followed, but their absence during 
second division shows that they are not included m the gametes The few laggmg 
bivalonts noticed durmg first division are duo to mechamcal difficulty consequent 
upon ohiasma formation in inverted segments All such bivalents later develop 
into true inversion bridges releasing the acentric fragment mcidentally 

The chromosomes on reaching the poles organise a telophase nucleus They 
lioeome somewhat elongated and the split for the 2nd divisipn is apparent m most 
of the chromosomes Careful examination shows the presence of three nucleoli 
in each nucleus, of which two are almost equal in size and one smaller (Fig 46) 
The mtorkmetio stage seems to be of some duration The protoplast assumes a 
phragmoplastio appearance and a cell plate appears m the centre, which divides 
the cell into two equal halves 

The two separated daughter ^.nuclei as a rule divide simultaneously Anaphasio 
separation is normal, the two groups move simultaneously and no laggmg univalents 
are seen On reaching the poles, grand daughter nuclei are organised, each of which 
shows the presence of two to three nudeoli and slender chromosomes As m telo¬ 
phase of division I, a cell plate appears in the central region at the end of telophase 
and pollen tetrads arc produced Various forms of arrangement of the tetrads are 
seen This depends mainly on tho arrangement of the spindles during JI division 
Tetrahedral and isobilateral modes of arrangement bemg very common, such diverse 
modes of arrangement appear to he a common feature of monocotyledonous plants 
The pollen grains are at ffist unmucloate The nucleus soon divides and gives rise 
to a generative and a vegetative nuclei This is tho condition m which the pollen 
grains are shod (Fig 47) Mature pollen grains have an average diameter of 45(t, 
when examined m laotio acid 

Periplasmodtum —At the time of differentiation of the sporogenous oells, 
the tapetum is two-layered The cells are luunucleate and contain dense 
cytoplasm At an earher stage some of the tanetal cells have been observed to divide 
by penolmal walls Suoh divuuons are generally completed before prophasio changes 
bwome apparent in the miorospore mother cells Bmuoleate tapetal oells have not 
been observed 

Durmg symzoBiB the innermost tapetal oells are first noted to protrude mto the 
anther cavity The cytoplasm alone movmg inwards The nuclei are spherioal 
and the walls delimiting the cells are distinct at this stage Dunng later stages of 
meioeis (I division onwards) the cytoplasm progreeses further inward and ovmi 
reaches across the anther loculus at places, dividing the mioroeporangium mto 
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compartments At this stage the" walls delumting the mdividual tapetal cells 
disappear and the nuclei are seen to be situated at the periphery of tl^e anther 
cavity embedded in a homogeneous oytoplaamio mass At the pollen tetrad stage 
the tapetal nuclei are soon to leave their penpheral position and migrate mto the 
nuorosporangium At this stage the plasibodium fills up the anther cavity com¬ 
pletely but 18 not m contact with the poUon tetrads The nuclei of the plasmodium 
which are irregularly distributed aggregate at places and retam their ongmal form 
This close aggregation of nuoloi very often leads to their fusion resulting m the 
production of nuclei of variable shape and size When the miorospores have been 
organised the plasmodium comes in contact with the poUon grains but the nuclei 
remain separate and present a conglomerated appearance Fusion of two or more 
nuclei 18 commonly seen at this stage In no case was amitotic division of the 
nuclei observed With the development of the exine of the pollen grams the plas- 
modium becomes hi^ly vacuolated and ultimately during the bmiicleate condition 
of the poUen grains it completely disappears At this stage the parietal layers of 
the anther wall become crushed and obliterated, while the ondothecial layer becomes 
radially elongated, except at the tip of the connective, whore it is represented by 
smaller unthiokened cells Rupture of those cells brings about the dehiscence of the 
anthers, which is thus 'porous’m nature 


DisousaioN 

Morphology —The ooourrenoo of oontraotde roots seems to be a charaoteristio 
feature of Typhomum tnlobatum as all aroids do not possess it Anatomical studies 
mdicate that it is mainly the outer tissue of the cortex, which shows the corrugation 
while the stele and the inner cortex remain unaffected The bmitod observations 
that have been made on the nature of the contractile roots of different plants show 
that the zone of contraction is restricted to the outer oortex Bimbaoh (1897) was 
the first to explam the oause of wrinkling He states ‘that the shortenmg is due 
to a change of form of the inner oortioal cells, which moreasing m a radial and tan¬ 
gential direction suffers a great decrease m length ’ Woodhead (1904) supports this 
view, but Arber (1926) working on Hyportsfailed to find any evidence m this direction 
and pointed out the baffling nature of the problem Evidence obtamed in the course 
of the present study supports partially Rimbaoh & Woodheads’ observations, as 
there is an increase in volume of the outer oortioal cells which, however, also show 
an increase in length Nevertheless, it is difficult to understand how an morease 
m radial and tangential directions of the outer oortioal cells alone could bring about 
the contraction unless wo assume the presence of colls at regular intervals, which 
rotom their ongmal dimensions Such a mode of contraction would present a 
different appearance to what has been seen m the present matenal. which indicates 
that apart from an mcrease in volume of the cells of the outer oortex, an internal 
pull IS exerted by certain cells at intervals, due to which the cells at these regions 
present a lamellated appearance This gives rise to the so-called furrows at the 
oonstnoted regions ongm of this pull might bo due to physical or ohemioal 

changes m the cell-wall 

The nature of ptyxis is also peculiar, but does not appear to be a charaoteristio 
feature as it has been noted m Colocaata anitquorum and Aloeaaia spa. It appears 
that aroids with trilobed leaves show this peculiar mode of foldmg of the leaves 

The appendage of the spadix has receivtid much attention from various mves- 
tigators. Arber (1925) on anatomical evidence suggested that it was composed 
of the fused bases of the male flowers Mid represent^ a region of the mfloresoenoe 
in which stenluation is marked. This view has been confirmed by Engler (1881-84) 
who has shown by a oomparative study ‘that the club is not a naked axis but it 
P^slsts of an moompletely developed part of the infloresoenoe \ 
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In the course of the present inyestigotion, a spadix was obtained in which a few 
isolated male flowers (stamens) occurred a little below the appendage and m con¬ 
tinuation of the male infloresoenoe These were comparatively large, being four 
to six times the size of the normal stamens and of the same oolotK'Mkthe appendage 
The miorosporangia were also larger and oontamed abundant pollen grains which, 
however, wore of the same size as those found m normal anthers At a shghtly 
higher level and still closer to the appendage occurred other stamens, which were 
sterile Figure 9 shows the region of the spa^ where the sterile flowers are located, 
while the empty space below mdioatos the position of the larger fertile stamens Tins 
gradual transition indicates that the appendage is denv^ by the umon of such 
sterile flowers Further evidence in this direction is obtained on anatomical grounds, 
which shows that vascular traoes are given out regularly from the central strands 
of the appendage The number of such separate traces are qmte large and extend 
to the periphery It is interesting to recall that each stamen is supphed by a single 
vascular trace, which character persists even m the appendage 

A natomy —The anatomy of the petiole shows difference in the various genera 
duo primarily to the mode of distribution of the mechanical tissue which may be 
oollenehymatouB or solerenohymatous Solereder (1928) states that the mechanical 
tissue in the petiole may be either disposed m the form of a complete ring below the 
epidermis, or it may be narrower or broader at different regions and protrude mto 
the ground tissue, or it may occur in isolated patches separatSi by chlorenchymatous 
cells The mechanical tissue of T Inlobalvm is composed entirely of collenchy- 
matouB cells whose structure has been already described It occurs m isolated 
patches m the hypodermal region of the petiole, as has also been noted m Philoden¬ 
dron It thus forms a sub-epidermal girder system, which is the most smtable type 
of arrangement for cyhndrioal inflexible organs This mode of arrangement of the 
mechamoal tissue is aUo found in Colocatta antiquorum where, however, the me¬ 
chanical strands vary in size and are regularly arranged at the periphery being 
associated with mestome bundles 

An interesting observation made in the course of this study was the absence 
of metaxylem elements m the vascular bundles of the petiole and root In the 
bundles of the petiole, generally a single large vessel is present, or there may be 
one or more smaller ones associated with it In the roots where the exarch arrange¬ 
ment prevails the xylem elements (apart from the xylem parenchyma) consist of an 
inner bigger vessel and two or thiw smaller outer ones The size of the larger 
vessel and its position would seem to indicate that it is a metaxylem element, but 
developmental studies show that it is the first to differentiate and it shows the 
annular thickening Further, examination of macerated material from roots and 
petioles confirmed these observations 

The concept of protoxylem and metaxylem has undergone considerable change 
since Russow (1872) and Van Tieghem (1887) first introduced these terms The 
original meaning of the words was modified later when the sculpturing of the wall 
was taken into account Esau (1943) states ‘eventually the tendency to swcribe 
to protoxylem and metaxylem a definite wall morphology became prevalent and it 
influenced the formulation of concepts of primary xylem by wiiters of modem 
reference works’ The International Association of wood anatomists retogmse the 
metaxylem as the pitted tracheal elements (the soalariform elements also mcluded). 
Frey-Wysslmg (1940), however, favours the abandonment of dehmitation of these 
two tissues on the basis of wall sculpture and suggests the ‘remtroduction of the 
ontogenetic aspect mto the olassifloation’ He findiB difference m the structure of 
metaxylem elements m different groups of plants which in certam instances have 
been noted with spual secondary thickening Esau (1943) also states that the 
thickening of the metaxylem elements may vary from spiral to pitted 

Popham (1941) has suggested the abandonding of the terms ‘protoxylem’ and 
‘ metaxylem ’, because ‘ m the differentiation of xylem cells, location, time of enlarge- 



I BANHEJI LIFE HI8T0EY OF TYPHONIVM TRiLOBATUM SCHOTT. 


meat, time of secondary wall hgnification, time of differentiation and the pattern 
of the secondary wall do not always bear a specific or constant relationship to thp 
kind of ongm, whether primary or secondary ’ 

Embryology —review of the literature Itiows that tho arohesporial cell m the 
family Aracoae may bo one or many Tho former condition, however, appears to 
be more common and the archesporial coll is hypodormal in most members of the 
family In some plants sue h a« Anthurtum cryatallmum, A vtolacevm, Symplocarpua 
foetidua, it outs oQ a panotal toll and then functions as the megasporo mother cell 
In Arum mactilatum, Homalonema alba, 4corus cedamva and otheis it directly func¬ 
tions as the megaspore motlior coll This condition has been observed m T trtloba- 
turn, which comes undoi the tribe Anneae to which Arum maculatum also belongs 
The epidermal cell which overlies the megaspore mother cell forms a nucellar cap 
by repeated divisions Huch nu( ollar caps have also been noted in PeUandra mrgxnieu. 
Arum maculatum, ('alia paluMn/t and in other plants In ,'lcoras calamus, however, 
the nucellar cap is composed of a single layer of cells formed by the division and 
radial elongation of tho epideimal colls 

More than one type ot embryo sah development has been recorded in this family 
Schnarf (1931) records the occurrence of‘Lilium tyjie’ of development in Dxpffen- 
bachta eeguine and Anthurtum vtolactum The ‘iUa-tyi>o’ ol development has 
been found in Hornalonenta urgtnUi and Ncphthylm Grayenreuthtt, whereas, m the 
majority of plants mvostigatoil ‘Normal-tyiie’ of development prevails In tho 
tribe Armeae, to which T tnlobatum belongs the development of the female game- 
tophyte has so far been recorded m Arum maculatum and Arisaerrui tnphyllum 
both of which show normal type of development Mahoshwari (1937) has noted that 
^corua calamus, Rtchardia afneana and ZarUedeschta aHhtoptca, which have been 
recorded as belonging to the ‘Adoxa-type’ (Lilium type) bv early workers, have on 
re-mvestigation been found to belong to the‘Normal-type’ 

The chalav.al macrospore does not always produce the embryosao Schnarf 
(1931) states that m Anthurtum crystalhnum and Spathtphyllum Pattmt, the micro- 
pylar megasporo produces the embryo-sac But it should be noted that in most 
of the plants, as in T tnlobatum it is tho ohalazal megaspore that functions 

A remarkable feature one comes across in the literature on tho embryology of 
the Aracoae is the development of the basal apparatus Tho nucleus of tho basfil 
chamber may remain undivided or it may divide without tho formation of walls or 
give rise to a number of cells as a result of division Tho nature of the basal ajipara- 
tus in T tnlobatum has already been described and it needs only be pomted out m 
this connection that it agrees closely with Jacobson Palav’s (1920) findmgs m Arum 
maculatum Tho ‘ohalazal cell’ (basal apparatus in T tnlobatum) moroases m size 
With the development of the seed and brings about a degeneration of tho surrounding 
cells ol the nucellus on account of its haustonal nature But no haustonal processes 
radiate from this chamber as observed by Boodle and Hill (1929) in Typhonodorum 
Ltndleyanum It remains throughout as a hollow spherical chamber Consequent 
on the inoroase in sue of the basal chamber tho postament like strand of tissue 
observed m tho early stages disappears completely In ,<4cortw calamus, Buel (1938) 
notices the postament even in the later stages and it set ms to be concerned with the 
nutrition of the embryo From the nature of tho postament observed in ^cortw 
calamus and other plants one is inclined to behove that tho strand like tissue observed 
at tho bcMo of the embryo sao in T tnlobatum oould not bo strictly referred to as 
snob. 

Cytology —A vast amount of literature has accumulated on the origin of tho 
nuoleoluB and its relation to the chromosomes Wager (1904) working on Phaseolue 
observed that the nucleolus was suspended m a nuclear net-work by numerous 
strands It was Latter (1926) who first discovered the nucleolus to be connected 
to a loop of tho spireme m the pollen mother cells of Lathyrus Her observations 
have later been confirmed m other plants and it is now known that tho ‘nucleolar 
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bodies’ of Latter with their attached ohromoeomes represent particular ohromoeomes 
responsible for organisation of the nucleolus at telophase Working on OaUonta, 
Navashin (1912) ob^served the nuoleol^jg to be attached to a pair of ^tell itee Sorokin 
(1924) also reported such ohromosome-nuoleolus relationship vxmff^neul'ua acna 
Heitz (1931) first showed that the nucleolus was produced either on the satelhte stalk 
or on the secondary constriction of the chromosome Resende (1937) working on 
Aloe ooiifirmod Heitz’a findings MoClintook (1934) found that in Zea may$, the 
nucleolus is organised around a deeply stained body on the chromosome at the base 
of the satolhte stalk, which she called the nucleolar organising body, responsible 
for the orgamsation of nucleolus Similar relationship has been observed in recent 
years by many workers Gates (1937) has recently reviewed the relevant literature 
on the subject 

A ontioal study of ohromoaome.nuoleolu8 relationship has not been made in the 
present investigation, but the evidences obtained during the course of study show 
that the four satellited and two secondary constricted chromosomes play an important 
role in the organisation of the nucleolus, as during mitosis these chromosomes have 
alone been seen to bo attached to the nucleolus The organisation of six nucleoh 
in the telophase nucleus leads one to infer that these nucleoli have been organised 
independently by these satolhted and secondary constricted chromosomes Dunng 
meiosis also, the number of bivalents seen attached to the nucleolus at diakmesis 
was three, and the number of nucleoh orgamsod at telophase of I division m each 
nucleus was agam three It is now generally agreed that the Sat-ohromosomes aud 
the secondary constricted ohromosomos each organise a nucleolus and the number of 
independent nucleoh found m a nucleus corresponds with the number of such 
chromosomes Thus Bhaduri (1940) found the constant presence of four nucleoh to 
correspond to the four secondary constricted chromosomes in species of OtTwihera 

Chromatid bridges m the anaphase of I division has been observed m very few 
anthers (less than 6 per cent) Such bridges disjoin with difficulty, fragments 
are seen which indicate that they are form^ by the breakdown of the bridges 
The presence of such dicentric chromatid bridges with acentric fragment may be 
expected on the basis of orosamg over within an inversion Hichardson (1936) 
and others have discussed the processes which lead to the formation of bridges and 
it is not proposed to discuss it here TJpeott (1937) has correlated bridge formation 
with sterility m Tultpa According to her, more than 10 per cent mversion bridges 
lead to considerable stenhty The very low percentage of bridges and the absence 
of sterile pollen indicate that such aberration m meiosis is not of any sigmficance 
in T trikaatum 

Kuwada (1910) was the first to notice the association of bivalonts at metaphase 
I m Oryza aaiwa Ishikawa (1911) also noticed such association of chromosomes 
at metaphase II of Dahlta vartabihs Smee then the phenomenon has been observed 
by several investigators, but its real sigmficance was not clearly understood until 
Lawrence (1931) pomted out that it is an expression of ancestral homology between 
the associated bivalents Secondary association according to Lawrence is an mdica- 
tion of allopolyploidy The association is beet seen at prometaphose and it remains 
so until mterkinesiB when a repulsion force develops and keeps the ohromoeomes 
away from one another It is apparent again at metaphase II Secondary assooia- 
tion of chromosomes has been observed in a large number of plants and it has led 
to the detenmnation of the pnmary basic number in certain genera Lawrenoe 
(1026) by a study of secondary association has shown that though the lowest haploid 
number of chromosomes of the Dahhas is 16, it must have been evolved from a 

r es with 8 haploid chromosomes which has now become extinct Nandi (1036) 
found evidence to show that » ^ 12 number m Oryza mhva has been dmived 
from the basic number five Similarly m Solanptn ivb^aum (2n «= 24), Muntzing 
(1938) found the basic number to be sue 
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From Table I it will be seen that excepting two oases out of seventy-four, the 
bivalent ohromosomos during Ist metaphase of the F M C as a rule show^ different 
degrees of secondary association Only m two cases, nine free bivalents were ob¬ 
served It will bo further notioed that the maximum secondary association for the 
present material is 1(4)-1-1(3)+1(2) and the basic number accordingly should 
be 3 Assummg the theory of secondary association to be correct, the present 
observation leads to the conclusion that T tr%lcbatum is a secondary polyploid and 
the haploid number, n = fi, is derived from the original basic number 3 Such a 
low number has, however, not been reported in any other species of Typhonmm or 
in any other related genera Tn Arum and Thertophonum the haploid number has 
been found to be n = 8 A thorough survey of the chromosome numbers m other 
related genera might show lower number than 8 The meiotio behaviour of the 
present species mdioates the presence of a perfectly balanced chromosome set The 
pairing between the homologous ohromosomes is oomploto and the dis)unction of 
the chromosomes is quite regular and normal T trtlobalum should, therefore, be 
considered ew a balanced secondary polyploid Although evidence of secondary 
polyploidy could not be gathered from the chromosome numbers of related genera, 
the study of the RAT-chromosomes and the nucleoli in the present material confirms 
the above view According to the present conception regarding the phylogenetic 
significance of the number of nuoleoh present m the gametic cells of plants, a true 
diploid should have only a pair of identical and homologous nuoleoh in the body 
colls corresponding to a pair of homologous and homomorphic SAT-chromosomos 
present in the somatic complement Increase m the number of nuoleoh is brought 
about by polyploidy, dupboation of some chromosomes or through non homologous 
segmental interchange The presence of three distinct pairs of nuoleoh of two 
different sizes corresponding to two pairs of SAT-ohromosomes and another pair of 
ohromosomos with a secondary constriction m each nucleus, shows that T tnhbalum 
18 a secondarily balanced polyploid and not a true diploid It is also not a structural 
hybrid except to a oertam amount of inversion hotero/ygoeity present in the PMC 
Further, the complete absence of multivalent formations, absence of any chromosome 
present in tnphoato, and two different sizes of nucleoli rule out the possibility of 
its being an auto-polyploid species 


SuUHABY 

The paper gives an account of the morphology, anatomy, embryology and cytology of 
Typhornum tnloSatum —a common sroid of Boognl 

1 The stem is a sub globose corm of many intomodes, axillary buds occur on the surface, 
these develop into separate plants next season, -when the mother corm shrivels and disintegrates 

2 Adventitious roots occur in two or more whorls on the crown of the corm Tho roota 
are oontraotile and are sprond out almost horizontally in the soil 

3 The leaves occur at the top of tho corm and enclose completely the growing pomt which 
IS a dome shaped structure Tho lamina is oharactonstically hastate m form and somewhat 
trisect The petiole is long and leaf base encircles the stem at its pomt of msertion Ihinng 
developmental stages the younger leaf and mfloresoenoo are completely encased inside the 
petiole of the subtending leaf 

4 Tho mode of distribution of the veins of the leaf has been described. Free nerve endings 
are seen, which appear to be branched 

S. The phyflotaxis is pentastichous and the nature of ptyxis, which has been described m 
detail, u of a special type 

6 Tho spathe la constricted in the lower region and forms a barrel shaped chamber inside 
which the neuter and the fomale flowers are lod{^ Tho spadix has an appendage Tho male 
flower is reduced to a stamen, the neuter flower to a filiform prooees and the female flower to a 
pistlL 

7 The flowers are entomophylous Tho mode of pollination has been described in detail. 

8. The fSruit to an ovoid one-seeded bony. Seeds are ovate, mytoh black and slightly 
ooDstrioted at the middle flrom 'sduch proieote ^ parHally shrivelled basal region 

9, The germinatloix of thieeed has been studied. Its mode being the same as observed m 
otiMTplMiti of Uw tribe. Tbs plant is propsgatsd both asxualiy and vegstattvsly 
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10 The oorm conBiets of a mass of storoh filled parenohymatous cells with the vasoular 
bundles disposed more or less in the form of a rmg The conn grows by the muItipUoation and 
enlargement of the ground parenchymatous colls 

11 fcriderm formation is noted at an early stage of the dovelopiugi of the eorm The 
poridenn does not form a eontmuous cylinder but occurs m Isolated pal^S"’' The phellogen is 
hypodermal m origm 

12 Internally the petiole shows the presence of hypodermal bands of collenchymatous 
cells placed at regular intervals Chlorenchyraatoim cells occur in between these bands . Ground 
tissue IS composed of isodiametrical pnrenchjrmntous cells with mtercelliilar spaces 

13 The vascular bundles of the petiole are closed and collateral They show a scattered 
arrangement Xylem consists mainly of annular and spiral vessels reticulated or pitted vessels 
are absent 

14 The leaves show the typical dorsivcntral structure Collenchymatous bands are present 
at the ribs Stomata occur on both suracos 

16 The inner surface of the spatho is covered by papillose protrusions The rest of the 
tissue (excepting the dorsal epidermis) is paronchjrmatous Vascular bundles are accompanied 
by collenchymatous bands which occur hypodcrmally on the abaxial side of the spatho 

16 The root shows the normal anatomical features The central region is occupied by 
one or more largo vossels, which difiorentiate first and show annular thickening In contractile 
roots the outer cortical region is alone affected At the point of constriction the cells get com 
pressed laterally and present a lamellated appearance 

17 The distribution of crystals of calcium oxalate in the different ports of the plant body 
has been recorded The rble of nucleus in the development of the crystals h is been studied 

18 Tlie development of the male and female flowers as also of the ovules has boon studied 
The ovules ore orthotropous and bitogmic A nuoollar cap is present 

19 A single hypodermal archesporial coll differentiates as the megaspore mother cell This 
produces a linear tetrad of megaspores The clialazal mogasporo functions and produces an 
eight nucleate embryo sac The ontipodals are larger than the syuergids and are triangular in 

20 Tlie endosperm nucleus on division produces two chambers The nucleus of the upper 
chamber produces the entire endosperm tissue, while the lower remains undivided and goes 
down to the lower part of the etnbryo<sao and funotions as n haustonum 

21 The earlier stages m the development of the embryo liave been studied The embryo 
shows the usual monocotyledonous features and has a one-celled suspensor 

22 The diploid number of chromosomes is 18 The complement is made up of 6 long, 
0 medium and 6 short chromosomes There are two secondary constriotod and four Sat- 
chromosomee 

23 The telophase nucleus of the somatic cells shows six nucleoli The phragmoplost 
appears to play an important lAle m the formation and growth of the cell plate m mitosis 

24 During meiosis secondary association of chromosomes has been noted The basic 
number based on maximum association has been found to be three 

26 Chromatid bridges and fragments hove been found during the anaphase of division 1 
Chroraosome-nueleolus attachment lias been observed at different stages of meiosia and mitosis 

26 Pollen formation is of tho successive typo and the pollen grams ore bmucleote at the 
tune of shedding The pollen grams have a granulated oxmo 

27 The formation and development of the periplasmodiuin has been followed and the 
behaviour of the nuclei of the plasmodium recorded Some of the nuclei have been observed 
to fuse 
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ON A PROBLEM OF ANALYTIC NUMBER THEORY 


By S Chowla 

(Communicated by Sir S S Bhatnagar, P R S ) 

{Read January 17, 1947 ) 

In hi'a Vorleaungen vber ZaKLentheorte Landau raisoa the problem of an 
‘ elementary ’ proof of the theorem 

Let p denote a pnme = 3 (moti 4) Then there ate more qiuidratir resvlues than 
non-residues between 0 and ^ Thia note contains a reasonably eh'mentary proof 
of this result We have 
Lbmua 1 

If 0 < a; < I we have 
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From Lemmas 1, 2, 4, 

Lemma 5 




whence 


(2) 


From (1) and (2), 

Lemma fi 


(3) 

S— jii'qI?© 

From 


it follows from considerations of continuity that 

(4) 

V 

o 

From (1) and (4), 

(f3) 

i:(b-a) > 0 

Now 


(6) 

5:(l'+«)=S^-l(mod2) 

From (6), 

(7) 

E{b~a) 3s 1 (mod 2) 

From (5) and (7), 

(8) 

Z{b-a) > 0 

From (3) and (8), 

(«) 



Rbvbrbnob 

Landau, (1927), Vorlesungen tiber Zahltntheone, Band 1 


0 

{«>!) 



NOTE ON A CERTAIN ARITHMETICAL SUM 
By S Cmowia 

(Communicatod by Sir S 8 Bhatnagar, 0 B E , F R S ) 

[Received October 14 , read November 23,1946) 

1 have recently investigated the sum 

S,(») =2 o(m,)ct(ms) o(tt,) 

where <T(n) denotes the sum of the divisors of n and the summation is for all 
positive integral «i, , u, such that Mi+Ma+ == ” 

In the case when n is equal to a prune p, I find that iS,(p) is a polynomial 
m^) of degree 2f—1, whenever r is lees than 6 Thus 

Slip) = a{p) = p +1 (trivial), 

, 2 , 

(Here p denotes a prune) Whether S^ip) is a polynomial in p when r exceeds 6, 
I am not at present able to detenmne 

My result (2) is used m a paper by R P Bambah and me to be oommumoated 
to the Quarterly Journal of MathenuUtca (Oxford) to prove that 

r(p)-il+p“ (mod 266) 

where p is an odd prime, and r(n), Ramanujan’s function, is given by 
2r(n)»«-*{(l-!e)(l-*«)(l-x«) }“ (I*|<1) 


Vex.. Xnio-Jfo. s. 




WIDTH OF NUCLEAR LEVELS 
By P L Kafxir, Untverttly of Delhi, Delhi 
(Communicated by Prof D S Kothari, PL D , F NI) 

{Read November 23, I9ib ) 

Intboduotion 

Bohr (1936) has emphasised that the problem of nuclear dynamics is essentially 
a many-body problem and that for a proper understandmg of nuclear transmutations 
wo must regard the process as happening in two distinct stages On account of the 
close paoki^ and intimate coupling of the nuclear particles the incident particle 
on oolhdmg with the nucleus immediately shares its energy with the other cons¬ 
tituent particles of the bombarded nucleus and gets amalgamated with them, the 
whole system forming what is called on intermediate compound nucleus Each of 
the constituent particles in the compoigid nucleus will have some energy but not, 
m general, sufficient to enable it to escape from the rest It is only when the energy 
gets by chance conoontratod on any of them that it is enabled to escape from the 
rest Or it might happen that before the energy gets concentrated on any one of the 
particles constituting the compound nucleus, the system gets down to a stable 
state either by the emission of radiation (radiative capture) or by breaking into 
two lighter nuclei (fission) Thus the result of subsequent breaking-up of the 
mtermediate compound nucleus will depend upon a competition between the various 
dismtegration—(mcluding scattering), radiation and fission-processes which are, 
of course, consistent with the conservation laws 

Just as m atomic theory the probabihty of an atom m an excited state omitting 
radiation depends upon the width of the level, the width of the mtermediate cort- 
pound nucleus gives us the probabihty of the emission of particles of any kind— 
neutrons, protons,, alpha-particles, photons, etc On this view the result of the 
competition between the various processes of tlisintegration, etc , of the compound 
nucleus will depend upon the relative partial widths of the level for the various 
prooeeses Thus it is that a knowledge of the position and the widths of the levels 
of the intermediate compound nucleus becomes very important for calculating 
the oroBS-seotion for any nuclear reaction 

The width of a nuclear level will depend (among other things) upon the energy 
of the level, its angular momentum and energy and angular momenta of the products 
of disintegration To find this dependence we must mtroduoe a special model of 
the nucleus and then solve its wave equation If we could do this for the case of 
the mtermediate compound nucleus, then at distanoes very great as compared with 
the nuoleu radius some wave function should oorreepond to the sphttmg up of the 
oompound nucleus, i e represent the products of dismtegration The calculation 
Cw the width of the level fot any particular process of dismtegration mil than be 
tiflthtng more thim a mwe evalua^on of the matrix element oorresponding to a 
transition from one state the ^tem to another But unfortunately at the moment 
We not only do not know the Hamiltoman for a nucleus (all that we know is that 
the speoifioally niwfieai force is a short range force of the exchange type, we do not 
know dependence upon distance) but, even if we knew it, we know no method 
(rf selving a numy-body isdblem when the coupling between the partioies is very 
Intimate 
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Sometimes, however, it is required to know the dependence of the width pri¬ 
marily upon the energy and angular momentum of the exjielled particle and it is 
the object of this paper to oaloulate a hmiting value for the width of a nnolear 
level for very slow particles 


Caloulatioh of thb Width 

It has already been pointed out that inside a nucleus a particle, be it a neutron 
or a proton, loses on account of the very close coupling its identity by sharing its 
energy with the other oonstituent particles It is just for this reason that we 
cannot regard the two-body approximation as any good approximation at all 
Nevertheless when the particle is outside, i e beyond the ranm of nuclear foroee, 
which it woidd be if it is at a distance greater than Tq, the nuclear radius, the two- 
body approximation becomes a very good one and we can write at (moo for its 
equation (radial part only) • 

I*' 

Where all energies are expressed in umts of M being the effective mass of 

the outgoing particle The other symbols i^ve.thoir usual meaning This equation 
does not hold for the region r<ro, so that the usual boundary condition ^'(0) = 0 
will have to be replaced by a suitable condition at r = fg If we knew the solution 
for the region f<ro this will be fairly straightforward, for all we will have to do 
will bo to join smoothly at r = rg the solution for the region r > rg with that for the 
region r<rg. Smoo even the equation for the mtenor of the nucleus is not known, 
we cannot follow this straight course, and so we will suppose that at the boundary 
r = fg the condition to be satisfied by the solution of (1) is 



The value of A will depend among other things on the energy of the particle 
Our object is to find an expression for the width of the nuclear level m terms of this 
bouniWy condition or its derivative with respect to energy The method we adopt 
to find the level-width is to oaloulate the oross-seotion at exact resonance and then 
vary the energy of the incident particle till the oroes-seotion is reduced to one-half 
its value at resonance The mterval through which the energy of the particle has 
to be varied to reduce the cross-section to one-half its value at exact resonance 
mves ns the half-width for that particular pooess We will sunphfy matters furtW 
by oonsidexing the case of slow neutrons—^moidently the most interestu^ ease Now 
the solution of (1) will be a hnear combination of the regular and the irregular 
solutions, vu. 

(8) “ (s) 

Where the ooefiScients a and b depend upon the energy of the escaping particle 
If we consider the case of the protons, eimation (1) will involve the coulomb potential 
as well, and consequently the solution wul be in terms of the confluent hypmgeometnc 


If lTg<l, th«i m the vidnity of r <» rg (3) can be wntten as 

( 4 ) m - 
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from wluoh we get 

{l+mkroy^^-lb{kro)-' 

U* rfrj,.,, a(ifcro)»+‘+*(**'o)-' 

or 

(5) 6/b - {kroy+Hl+l-A)l(l+A) 

If at very large distaaoes we write the solution of (1) as 

( 8 ) 

we know that 8{ u oonnooted with the ooeffioients a and b by the relation 

(7) tan Sj = bfa 

and that the oontnbntion to the oross-seotion by jiartiolee having an orbital angular 
momentum I is 

^ “ $(2^+1) 8m« 8, 

This with the help of (7) becomes 

(8) o' - 4w(2{+l)4V**(a*+4*) 

Evidently o‘ will be a maximnm, i e we will get the ease of resonance if a => 0, i e t/ 

(0) Am-‘Ao‘^-l 

Starting with the energy of the partiole corresponding to resonance if we change the 
energy (of the particle) the ooefSoient of the regular solution in (3) namely a will 
begin to be diffwent from zero till for a oertam value of the energy of the particle 
a equals b When this happens, the value of the oross-seotion as given by (8) reduces 
to one-half its value at exact resonance In other words 


( 10 ) 8 » « 

IS the condition for obtaming the half-width 

So long as the width of nuclear energy levels u small compared to the spacing 
between them we may write to a first approximation for the value of the boundary 
condition A m the immediate neighbourhood of resonance 

( 11 ) 

Substituting this in (5) we obtain 


(12) bfa - (iro)«+i 

The oondition (10) now enables us to find the value of AE throng which the 
relative energy of the particle must vtury for the oross-seotion to bewme one-half 
its value at exact resonance i e the half-width 
We thus obtdn 


(a-fD-dig 

aSdAfiB 


( 18 ) 




(2t-H)(tfo)«+i 
{l+(Aro)«+i )dAldE 



CALOtTLATION OF dAjdB , BXSmVAL NUOUUS XXTt IH THI OBOUITD 8TAT1. 

To find the value of dA/dE m the immediate neighbourhood of reeonanoe let 
us consider the wave equation (2) for a sbghtly different v|^ of the energy k‘, say, 
of the escaping particle and denote tibie wave function for ton'case by ^'*(r) Mul¬ 
tiplying the equation for by and the equation for by and subtracting 
we obtam 

Integrating and then multiplying by we obtain 


f r 1 d^'‘ 1 d 4 ‘~\ r 
dr ^ df J “ »* 


Proceeding to the hmit when h'-^k we obtam at r = Tq 


(16) 


dB\<f>‘ drJr^T^ 




Taking the factor in (16), which in general will be less than umty, to be 

^o\9r 

unity as an approximation we are loft with 


(16) 


(2i.H)(ily<,)^+' 1i» 

” {l+(*ro)^'+'} 


Calculation op dAfdE, rrsioual nuolbus lbft in a number of rxcited states 

In deducing (16) wo-have not taken mto account the possibility of the residual 
nucleus being left m a number of excited states Lot us now take this poesibihty 
mto account and see how the value of dAjdB is affected If jt (*i, xj, xg) stands 
for the co-ordinates of the escaping particle and y for all the parameters that may be 
necessary to describe the rest of the nucleus, the Schroainger equation for the 
system is 

[^/l.*-^,+«-P(r.»)]lP(x.y) = 0, 

where Hy is the Hamiltonian for the rest of the nucleus and r = \x\ Let us 
write 

(18) !P(x, y) * ^ ^)^,(yh 

where ^,’s are the solutions of the radial p«rt of the wave equation for the escaping 
particle m the two-body approximation, viz 

(19) [|?g+lfp'F(r.y)]^.'==0 

The omtnfugal potential term is absorbed in F(r, y) and the ^,’b are the solutions 
of the wave equation for the residual nucleus, viz 

(20) (Sy^E()^m,o. 
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If we now multiply (17) by the angle function and integrate over the entire 
angle space for the escaping particle we get 

+ 2 ia !«"• 

where 

(22) w,(r, y) = ^ 

and the centrifugal potential term has been absorbed in V(r, y) 

For a shghtly different value of the energy of the escaping particle, the nucleus 
being left in the same energy state, we would get 


(23) 


+ ‘'’I'"''"'’-" 


Multiplying (21) by w', and (23) by to, and subtracting we get after makmg 
use of (22) and (19) 

Writing E-E' == E^-E', = where Ep stands for the particle energy, 
we get on integration with respect to r 


Now proceeding to the limit when dfS,-»4), le the pnmed and the unpnmed 
itee become identical, we obtain after a little simplification 


Where there is only one 


state possible for the residual nucleus the sum^^^doee 


not give m oontribution and we are left with an expression which is the same 

( 15 ). 
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StnUfABT 

An exptoskion for t>b« neutron ^dth of nuolenr level* u obteined in term* of the kinetic 
energy and orbital angular momentum of the neutron The ngethod adopted i* to oaloulate 
the orou eeation at ezaot reaonanoe and tiien vary the ener^^^IKt particle till the ore** 
■eotiou la reduced to one half it* value at eimot reaonanoe Thii interval throni^ which tiie 
energy of the particle has to be varied give* u* tte Imlf width of the level 


Rsfxbxhob 

Bohr N (1936) /foluw 137 344-348 



ON INTEGER ROOTS OP THE UNIT MATRIX, t 
£ 2 / B P Bambah and S Chowla 
(Commumoated by Sir S 8 Bbatnagar, F R S ) 

{Bead Janvary 11,1947 ) 

§1 The study of Vaidyanathaswamy's paper <1928) has led us to oonjeotuie 

that 

If p denotes a prime, all the integer matrioes X],_i of order (p—l), except 
Ep-i itself, such that 

where is the unit matrix of order (p—1), can be expresed as 

[le transform of Jkf.-i by A] where A w an integer matrix of order (p—1) and 
determinant ±1, and 



(I) In this paper we prove this oonjeotuie for p = 3 
§2 In this seotion we prove that 

the necessary and sufficient conditions for the integer matrix 

to be a cube root of Ef are 

(II) a+d = —1 and ad~be = 1 
Consider the transformation 

A = (“ y) = €ur+by, car+dy 

It can be easily verified that 

At = (o»+2abc+6cd)a;+6(o«+od+d*+6c)y, 
c{a*+(j<i+d*+6c)a:+(d*+26cd+6ca)y 

Therefore the necessary and sufficient conditions for X| to be a cube root of E% 
are (except when X. ■« JEg) 

a^+2cdK+bcd = 1 ( 1 ) 

o*+od+d*+6c = 0 ( 11 ) 

da+26cd+6ca -= 1 (in) 

t All letters in this paper denote integers. 
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It can be easiJy seen that 

(ill) = (i)+(d-a)(ii) 

Therefore we obtain the neoesaary and sufficient oonditNuif^M 

a»+{2a+d)6e = 1 (i) 

«*+ad+d*+(6c)-0 (ii) 

Eliminating be from these equations wo hare 

(a4-d)®=—1 or (o+d)=~l 

as a neoessary condition 
Also from (ii) we have 

be = _(o*+ad+d*) -» od-(a+d)* 

= ad!-l 


Hence ad—be = 1, is another necessary condition 

That these two conditions are sufficient can bo easily verified with the help of 
(i) and (ii) 

§3 On account of (II) the proof of (I) reduces to showing that 



wheref a+d = —1 and ad—be = 1, can be expressed as 
A-iAfjA 

where 

^ = [cd]’ 

and 



This we shall prove in this section 

We shall consider only the case when b is negative The case when b is 
positive oan be similarly treated by taking A of determinant —1 That b cannot 
>e zero oan be easily seen 

Wo oan easily prove the following lemmas 


(1) H A 


A-i 



AD-BCr^\, 


( 2 ) 

Now 


A 


= [ 


-CD~AD-AB 

C^+AC+A* 


-D^-BD-B*! 

CDA-BC+AB] 


therefore 


ad—bc = 1, 


-6c = l-ad=l-o(-o-l) 
= o»+o+l. 


It IS well known that all factors of a*4-a+l are of the form kZ 
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We choose A, B C and D such that 

~b = Z)*+5Z)+Js 
c==(^+AC-^-A^ 


(it) 

(v) 


AD~BC = I (vi) 

That A, B,C and D can be chosen to satisfy (vi) will be proved m §4 
Now we shall show that 


and 

As 

we have 


a= -CD-AD-AB 
d = CD+BC+AB 

a*+0+1 = -6c = (B*+i}2+BZ))(+s+(7e+/t(7) 


a*+a+[l-(B*+B*+BDHA*+C*+AC)] =0 
The roots of this equation in a are 

-CD~AD-AB and CD+BC+AB, 
iar 

(.-VD-AD-AB)+(CD+BC+AB) = -(AD-BC) 


(vii) 

(Till) 


{(-6Z)-^Z)-/IB)((7Z)+BC+^B)} 
-[l-{B»+l)»+BD)(AHCi+AC)] 

= ~1+{AZ>-BC)* = 0 

We, therefore, have 

a = (-^CD-AD-AB) or (CD+BC+AB) 

In case o has the second value, replace A C B and B by C A —D and 
—B respectively Obviously (iv) (v) and (vi) are unaffected while a has the value 
-CD-AD-AB 

So that in all cases we have 

0= -CD-AD-AB 

and hence 

d=-I-a = -1+CD+AD+AB 
== CD+BC+AB 

From (iv), (v), (vi), (vii) and (viii) it follows that we con choose ABC and D 
to satiny 

Zj-A W,A 

where 

and AD-BC 

H 

Thbobkc 

{!) If „S4.«+l=TO,»li 

we oan choose A, B, C and i? such that 

(2) m, - A*+C*+AC, 
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(8) 

m, - S»+D^+SD, 

and 


(4) 

AD-BC^±\ 


It is well known that all faotors of M*+n+l are of the form jfc*+l*+jW 
Therefore we have only to prove that A, B, C and D can be ohosen to satisfy (4) 

T ji icm a 1 —If mi 18 prune, the theorem is true 
I^t mi >= ^*+C*+^C 

As w*+«+l ™ mimj, 

n>+7i+l («*+»+! )U*+C*+AC) 

mo =- 5- 

mi Mil* 

Now 

{An-C){On-A) = ACn*-n(A*+C^)+AO 

« {AGnt-nU*+(^-A*-C*~AC)+AO^ (mod mj) 
*iAC7(n*+n+l) (mod »»i) 

m 0 (mod mi) 

mi being a prime, one at least of {An—C) and (On—A) is a multiple of mi 

In ease it is only the latter, replace C by A and ^ by C so that in all oases 
we have 

mi = A^+C^+AC 

and 


(6) An—CmO (mod mi) 

Now 

0 m n{An—C) (mod mi) 

■ An*—Gn (mod mj) 
s —Cn+^(n®—»*—M —1) (mod mi) 
9 —Cn—A—An (mod mi) 
m ~Cn—A—C (mod mi) 

[because of (5)] 

Therefore 


trif c= B*+J)*+5D 
where B and D are integers given by 


Now 


and = 


AD-BO = 

mi 


Therefore the lemma is true, 
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Lbmma 2 —If 

n*+«+l M mittif 
and 

(i) mi = mpi, Pi being a prime number 

(ii) m = o*+c*+oc 

(ill) Pittii -= b*+d^+bd 

(iv) ad—be = 1, 

then we can choose A, B,G and D such that 


and 


»ii = a^a-c^a-ac 
m, = J3*+i)'‘+5D 

AD-BC- ±l 


Pi, being a factor of M*+n+l, la equal to e^+f^+ej where e and/ are suitable 
integers 


As 




_ 6«+d^+M {b»+d^+bd)(e^+f^+eS) 

'"*“«*+/*+«/ p,* 


_ ^-dfj ^ ^f+de+df j ^ ^e-df^^b f+d4+df ^ 

Now 

(he-df)[de-bf) = bdei+bdp-e/b^-e/di 

■» [W(e»+/*-e*~/*-e/)-e/(/i2+d*)J (mod p*) 
a -ef(bi+d*+bd) (mod p*) 

SB 0 (mod Pi) 


Pi being a prime, one at least of (be—df) and (de—bf) is a multiple oi pj In 
case it 18 not the tormer, replace e and / by —/ and —e respectively so that in all 
oases we have 


and 


Pi=^e^+P+ef 


be—df m 0 (mod pg) 


0 • be—df (mod* pg) 


a Ifie—bdf (mod pg) 


» e(b»-l^-(fl-bd)-bdf (mod p*) 


B —d(ed+be+bf) (mod pt) 
m -d{ed+df+bf) (mod p*) 


Therefore ed+df+bf is a multiple of pi for, if not, d must be a multiple of pg 
and hence on account of (lu) lemma 2, ft and tberetore ed+df+bf is a multiple of pt 
Now we have 
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where B and D are mt^ers given by 

j^_ b/+d/+«fe 


whore 


Wi = mpi = {o*+c*+<k;)(e*+/*+e/) 

= (oe—c/)*+(o/+ce+c/)* + (ae--c/)(o/+c«+c/) 
= A*+G*+AC 

A=ae—cf and C = af+ce+cf 
IP sc . i«*~^f)(¥+df+d^)-{be-cf){af+cf+c6) 

Pi 


= ad—be = 1, 

the lemma is true 

The mam theorem of this section (with AD—BC = 1) can now be proved by 
combining the two lemmas and using the methoil of induction 

To prove that the theorem is true with AD—BC = — 1 also we have only to 
replace A and C by — ^ and —C respectively 


Rbfebbnob 

Vaidyanathaswamy, R (lOiS) On integer roots of tho unit matrix Jour , Land Math Soe ,3 



ON A TREATMENT OF IMPERFECT GA8 AFTER FERMI’S MODEL 


By M Dutta 

(Commxuuoated by Pro! N R Son, D So , Ph D , V N I > 

{Received December 12,1946, read April 4, 1947) 

Abbtkaot 

In thi« paper, a etatiatieal theory of imperfect gaees has been developed by application 
of a principle analogous to Pauli's Exclusion Princi^ and method of Fenni The equation 
of state as given by Saha and Bose has been deduced Further, Van der Waal's equation up to 
first approximation has been obtained by accounting for the boundarj oftoct and cohesion by 
equivalent increase in total volume 


1 Imtroddotion 

The method of counting the total number of thermodynamic complexions of a 
set of particles in phase-space, and then, of mtroduction of entropy, after Planck, 
by application of Boltzmann’s principle is the simplest atnd finest of all the methods, 
used m the atatistioal theories of thermodynamics This method is not only success¬ 
ful in explaining the behaviour of the idesd gas completely but is also equally suooess- 
ful m quantum statistics Few attempts have, however, to our knowledge, been so 
far made to extend this method to the theory of an imperfect gas, or to that of a 
liquid The present work represents an endeavour to apply this method to the 
theory of an imperfect gas We have here obtained for an imperfect gas a new 
equation of state from which the equation of state of an ideal gas as well as that of 
Van der Waal's gas follows by suitable approximation We start with the accepted 
view that the physical behaviour of an imperfect gas is attributable to two factors, 
namely, the finite size of the molecules, and the forces of molecular cohesion We 
propose, accordmgly, to develop our theory in two stages, m the first of which 
account is taken of the timte size of the molecules, and m the second, of the oohesive 
forces 

In the present method, the only dynamical property of partiolo, which plays an 
important role m distribution, is its energy Now in the ease of an imperfect gas, 
the total energy is separable mto kmetio energy (depending on momenta only) and 
potential energy (depending on oonfigurational co-ordinates only) (Fowler 1936.) 
As the distribution of the particles is random with respect to kinetic energy and 
potential ener^ separately (we mean thereby that the positional and the momenta 
oo'ordmatee of the particles are unconnected), the positional and the momentum 
space can be considered separately with muoh oonvemence The produot of the 
thermodynamio probabilities corresponding to the two spaces will evidently give 
the total thermodynamio probability 

2 Eiteot ot Fihitb Dimbmbion of Molbcuuss 

We consider an assembly of N moleoules, m an enolosure of volume V, each of 
which is suppoaed to poesess a rigid volume b of exclusion There is no association 
or dissoaiaQon in the assembly 

Now, the total volume V (s divided mto space-oells of volume b, the number of 
suck edOs is tiien V/b Is evidently a largb number, b being small Then, the 
offset of vofaune of exdnsioa can be staled as, a cell of the physical space cannot 

VOL. X|n->Vb. e. 
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oontain more than one particle. The oell may be vacant or occupied by only (me 
particle. 

Then, the total number of ways in which N nu^nles may be distributed 
amongst the (F/b) cells is 

- m L.. 

N\{Vlb-N)l 

Turning now to the consideration of the distribution of N molecules m moments 
space, we remark that the volume of a oell m phase-space bemg h*, the volume of a 
cell in momenta space is to be taken as h*/b, since the volume of a oell m the 
physioal space is, by hypothesis, b As the energy of a molecule is given by 

so the number of cells h*/b m the microoanonioal layer 

(s„ «r+d«) 2ir (2f»)* 

Now, if denotes number of molecules m the layer <r+d<) then the number 
of ways, in which molecules may be distributed, is 

Nl 

ajfdsl a,t 

whore = N, = E 

Then the thermodynamic probability is 

To get the entropy, this expression is to be maximised, subject to above-mentioned 
restrictions 
This gives 

where A, n are, as usual, undetermined constants 

and S=k [V/b log V{b-{Vlb-N) los{V/b~N)+m+^], 


and 


1 

T 


(ll)v 


kT 





-{p* +pj +pj) / 3wi*r 


dpidpi dpi 

h»lb 


A — log I jj^ 
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Aad 


■ 2 ... 




-1»W 
Then, hnallv, 


S = k [l^logi- (l-iv) log (i-Ar) +|A^+|Ar log T~N log A -t 
N log ),4(W)tj], 


N log 


Then as usual (Saha and Boso K<)uation), 


p=.T 


/dV\ k'J\ /, Nb\ 


In the lunitiug case, ^ -^0, the equations give expressions for ideal gas a 

fS 3 „ . j V(2irmk}in kNT 

S^kN [2+2 log T+log -yr- } J. P = — 

Up to 1st approximation, these give, 

^f==>A^[5+2log?+log--^ + logj-^ ij’ 


kNT A Nb\ 

P-—V+2 V) 


These are the expressions for entropy and prowure of a Van der 

oohesive force is ignored, and only, the oonreotion for the fimte size of the moleouloe 

u made 

3. COKBKmOK FOE COHESIVS ForOKS 

The cohesive forces are assumed here to be of Van cter Wa*^’ * e . ^ 

are Ehort-rwiged isotropic forces of attraotkm The effect of the 
mayrtherSTbe deeofibed as amounting to the production of a moleoulai denrity 
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m the interior of the enoloeure slightly greater than that m the thm snrfaoe layer 
(parallel to the walls of enclosure) Were the cohesive forces removed, and replaced 
by a uniform field such that the potential energy of evqry particle is the same as that 
m the surface layer, then the volume requirement ortnh N molecules under the 
same pressure and at the same temperature will be slightly greater than V Writing 
a for the small additional volume, we may say that an actual volume V with the forces 
of cohesion becomes eqiuvalent, under the same conditions of temperature and 
pressure, to a volume (V+a) without forces of cohesion Full account of the forces 
of cohesion may, on this view be taken, if the actual volume V is replaced by (V+a) 
m the above thermodynamic expressions So, the thermodynamic expressions can 
be written as 

.=-») 

log log JtfH-Jtf log 

and 


4 Approximate Evaluation os a and p 

Let Tif, n, be number densities, and, u>(, to, be potential energies of particles 
in the mterior of the enclosure and m the sii^ace layer respectively, where ng < 
Let V, be volume of the surface layer 
Then, 

{V+a)f,,= (V-V.)n,+ V.n, 

Therefore 

(F-F.)(n,-wg) 


Assunung density law for gas, we have 


and so 
Therefore 


w,<w$ 


where 

Therefore 

4 » 


U>a=V>,—Wi>0 

a (F- F.) , (apprompately) 
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Now, ]Q the assembly of Van der Waak’ gas, 
V,^At, 


where A is the area, and t the thioknoss ot layer less than the radius of the sphere 
of influence of Van der Waals’ force which is generally very small Therefore 


Up to Ist approximation, 


Now, it is easy to see that 


_Vw 

kT 


N 


where c only depends upon mass of molecule and nature of the force 
Up to this approximation, 


Then 


=0 

kT. Nb\ 

p=-^log(^l--p^j 

- F L V ~ fJ’ 


correct up to let approximation 


or 


where 


NkT 

V-fi’ 


a = NkTa:=:^mc, 


where c and hence a is mdependent of volume and temperature This is the Van der 
Waals’ equation. 

The foUowmg pomt may be noted m connection with the above process The 
difference of energies of the assembly of N molecules enclosed in a volume V under 
cohesive force and of the assembly of the same particles in a volume (F+a) under 
no cohesive force and under uniform held is 


-Nto 

On the other hand, the change of energy due to change of volume under constant 
pressure is 

NkT Vv> „ 

pdF = po=-pr- 

J y 

Thus, in the change as pictured here the total energy remains unchanged. The 
original and the alter«d assemblies have both the same N and M values 

6 CoNonusioN 

This present paper ih different from the previous discussions on this tojHo 
mainly on two points, (i) division of the physical space of particles mto cells of volume 



equal to the volume of exolusion, (n) oonsidesation of the effect of ooheeiou aa a 
correction m volume only 

So far as the first idea is concerned, it is only a new way of looking at the effect 
of rigid volume of exolusion This idea makes the treotmem^ volume of exdusion 
so easy that it is likely it will prove very suitable in simplifying the theories of 
imperfect Gases and Liquids 

So far as the second idea is oonoemed, it may be added that, the morease of 
volume due to boundary effect can also be easily and clearly visualised according to 
modem picture of boimdary effect According to Milbkan (1^3) in the light of various 
experiments done by them, during the collisions with the boundary, the particles 
are adsorbed by the surface, and, then, re>emitted with random velocities This m 
a way may be looked upon as increasing the effective volume of the assembly of the 
particles pictured m this paper As the number of molecules adsorbed is pro^rtional 
to number density, so, the constant a is proportional to N But, as the idea is not 
yet fully develop^ m this line, a correct expression of the boundary effect cannot 
be obtamed at this stage 

The writer takes this opportunity to express his gratitude and thanks to Dr S C 
Kar, Prof N R Sen and litif S N Bose for helpful discussions and keen mterest 
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Inteodhotion. 


The group Mallophaga has been much neglected by workers in India There 
are m In^a about twenty-five hundred species and subspecies of birds Of these, 
up to the present, only about one hundred bird hosts have been eicamined and a 
few apeoies of Malloph^a recorded from them 

The first Mallopnagan to be described from India v as Esthiopterum (= Pedtculue) 
tantali (Fab), from the Pamted Stork (Ibis I kucocephalus. Pennant), (17U8, Ent 
Syst. 8uppl, p 671). Thereafter, Atpewnw AimotoyewAw Rudow, from the Western 
Homed Pheasant (Tragopan mdanocephalus, Gray), (1870, Zeit f g Nat, 36, p. 123) 
and Menopon acutovulixUum Piaget from the Indiw Largo Pied HombiU (Hydrociasa 
malabariea malabarica, Qmel), (1881, Ttjd. v Ent, 24, p 5, pi 1, fig 4) were 
deeoribed, probably from the material oolleoted from the Indian birds 

There is no nirther mention of the Indian Mallophaga for more than thirty 
years, when Kellogg and Pame (1914) published ‘Mallophaga from birds (mostly 
of Corvidae and Phasiamdae) of India and neighbourmg countries’, which opn- 
tidned the description of about nme new species and forty records of old ^eoies found 
within the Indian limi ts A year later Kellogg and Kakayama (1916) published 
‘Additional hfrdlpphaga from the Indian Museum (Calcutta)’, from 32 bird hosts 
Waterston (1928) published a very valuable paper on the Mallophaga of the 
Sand-grouse and deeoribed six species of Syrrhaptoecue collected from skms of the 
Indian Sand-grouse (PterocUdldM) in the British Museum Recently, Qadn (1935) 
started work on this group and has so far described eleven species Clay and 
Metnertshagen (1936-1943) have added 27 species to the Indian faima, and Sen (1042) 
has added 2 more species to the list 

During an mvestigation of the food-habits of birds undertaken at the Punjab 
Am^ultuial College and Research Institute, l^slbur, a collection of the Mallo- 
ras^ «ras made at the BOggeeftNi of Prof. M Afral Husain. The hoe were oolleoted 
man idiOQt one hundred qpedes of birds bsionghig to 83 genera, 88 familie s and 
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10 different orders. Of these, the Mallophaga from only 22 sj^iee of birds had been 
previously recorded from India. Those of &e remaining 78 nosts are recorded here 
for the time GoUeotion was made from the freshly killed Jtlj^aiid bird skins 
by Mr H B Bhalla and myself The birds were identified by the^mbay Natural 
History Society and the Indian Museum, Calcutta. The help received is gratefully 
acknowledged I acknowledge with gratitude the share of Mr. Bhalla m the 
extensive collection, so laboriously made and excellently preserved 

Specimens soaked in 6% caustic potash for about 24 hours and ultimately 
mounted in Canada balsam were used for all the measurements recorded here The 
specimens were not artificially pressed but were mounted under light. No 6A 
It'-oiroular microscope cover-glasses Apart from the errors inherent in the method 
owing to distortion or fixation, measurement made of some species mounted m 
glycerme showed that an accuracy of well within ±4% was usually attamed All 
linear measurements were taken along the medium Ime, while the breadth recorded 
IS the maximum for each body part Measurements were made under a microscope, 
by means of an eyepiece micrometer The drawings wore made by the author with 
the aid of camera lucida The types have been deposited m the collection of the 
Entomological Laboratory of the Punjab Agnoultnfkl College and Research 
Institute, Lyallpur 
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STSTBUaTIO Aooopvt 
I8CHNOCERA 

1896 /^oAnocsro, Kellogg, Proc Gdltf Acad iSet, VI(2), p 63 
Harrison (1916) divided the bird-mfesting Isohnooera mto six sub-ftuxuheB, 
but Ewing (1929) discarded this olassifioation on the ground that a logical sub- 
grouping was doubtful In the presbnt paper, however, I propose, for the sake of 
oonvemence, to trekt the Isohnooera under five mam groups, nz., Estluoptendae, 
I4uloptenda«, Degeerlelhdae, Lipeuridae and Gomodidae The table given below 
will be found useM in recognising the genera dealt with in this paper. 

I KEY TO GENERA 

1 Forehead usually rectangular or almost trapesoidal in shape; olypeo lateral margin slightly 
oonoave, or straight, never oonvex; trabeculae often present and usually pronounoad; 

temporal lobes rounded ... ... ,. .2 

Forehead not rectangular or trapecoidal in shape, blypeodateial maigiii ooavaz, tMbeoiilM 
elmaetabceot or cmy aa very small protubereaoes.... SI 
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5 Pter o-tho rm Moten^pilar, «ida« olmott •ub-parallel, poafetior mMgm •Imoat atnughti 

BSTHIOPTBBIDAB . . . 3 

Pkero-thoTax (foaed meeo and zaeto-tboiaz) broader than long, fide* ttrongly divergent 
•nd with posterior margin ongulate or outwardly lounded . B 

3 eignature (pigmented blotch) beanng numerous oresoentio papUlo^ w^tto 

Olypeol signatare without auoh oharocter \ 

4 Olypeal signature large, beanng a longitudinal elit, gular plate large, IX abdominal segment 

in female bifid, partly flanked on each side by pomted prolongation of segment VIII 
. jFulux^ffuia 01^ * Mem 
Without such characters S 

6 Forehead with 4-6 circular moraesations on the lateral margins FoJooJtpeurus Bedford 

Forehead without circular incraHsations on the lateral margins 6 

6 Clypeal suture deeply emarginate, the cavity so formed margined with hyaline produced 

preantennal region and furnished with a strong spine and 3 4 fine hairs AnaUeola Clay 
Clypeal suture without such characters 7 

7 Forehead narrow, sides sub-parallel, trabeculae almost absent, I antennal segment longest, 

eyes flatly rounded Oolumbtcola Ewing 

Forehead wider, aides strongly diverging, preantennal area broad, trabeculae conspicuous, 
small lobes, II antennal segment longest, eyes protruding Tttrtuncola Clay A Mem 

8 Stouter species with large head and comparatively short, broad abdomen 

PHILOPTERIDAB 0 

Slender species DEGEERIELLIDAE 10 

0 Trabecula short, ventral, female abdomen with threo irregularly shaped dark chituused 
plates m the centre of segment YU, dorsal and ventral abdominal haira lanceolate 

Aagypoteus Clay * Mem 

Trabeculae large, movable; abdomen without such characters 10 

10 Forehead with hyaline flaps 11 

Forehead without hyaline flaps 17 

11 Preantennal region very narrow, olypeal front deeply notched or forcipated and flanked 

with hyaline Setp 12 

Preantennal region truncate, ehort, olypeal region with hyalme margin 14 

12 Abdomen bearing many short stout spmes on ventral aspect of segment I and II and some¬ 

times on m and IV also , Ech\nophilopterui Ewing 

Abdomen not bearing spmes on the abdominal sternum 13 

15 Tergal plates I-VIII entire, pleuntes with straight narrow iw-entrant heads, I abdominal 

segment rectangular PioopAifopierue gen nov 

Ter^ plate VTH entire; pleuntes with curved re entrant heads 

Alctdoffyla Clay A Mem 

14 Hyalinbaatenorportionofheadonginatoseaohmdeofthelevelofclypealsuture 16* 

Clypeal region expanded with hyalme free margin, evenly rounded throughout 16 

16 Clj^ieal margin broadly emarginate in front, and notch flanked with hyalmo flaps which 

touch each othor ot tips iTttndyfnme Ewing 

Olypeal margm concave, flanked with hyalino flap Faleotoua Clay & Mem 

16 Clypeal suture passing inwards and forming mediw suture, anterior hyalme margm pro- 
je^mg beyond tho contour of the preontonnal margin Alceioteta Clay A Mem 

Clypeal region expanded with hyalmo margm throughout, hyalme flap not projecting 
Myond the contour of the preantennal margm, two small peg like dorsal spines, one on 
each side of the posterior apex of the signaturel plate Anato«ou» Cuimmngs 

17. Male gemtalia with parameres curved and protruding beyond the mesosome, the latter 
conswing of flattened plate with central jwnis Pensntnnus Clay A Mem 

Male genitalia with very small parameres which do not protrude beyond the mesosome, 
the mesosome a flattened plate with central penis, which is usually projecting 

PMfepiei^ Kitisoh. 

18 Head oitcarnfasoiate, parabolic to subogival 19 

Head quadrangiilate or mtemipto-fasciate 26 

19. Antennae showing sexual dimorphism PsUtaconsmius Hamson 

Antennae sumlar in the two saxes 20 

to. Forehead with olypeal signature 21 

Olypeal signature absent . 28 

31. Olypeal suture present; hyalme maigm arising anterior to olypeal suture, median vertical 
neanteonal suture present . Quadractipa Clay A Mem. 

Efyaline mar^ arising at olvpeal suture, without median vertioal suture 22 

S3. With transverse preantennal suture; h^ine margin narrow lAmaotp* Clay A Mein 
With vertioal preantennal fmture, hyaline margm broad Oardvie^ Clay A Mem. 

S3. plates Interrupted in^ middle 24 

Ter^ plates not intsrrtqpted in the middle ..... 26 
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24 

26 


27 


28 


29 


30 

31 


Forehead completely rounded, curved tnmoverM eutura oeroM pfeemtennol r^on preeent 

Oticuifoola Omy A Mem 

Forehead parabolic or subogival, tiansvene suture absent Sutrltaptoeeiu Waterston 

Forehead poraboho, pleuru plates with atrai^t wedga>shaped mtehnilent heads, highly 
pigment^ reaohi^ ae far as 2/3rda of the preceding segment, tails not highly pigmented 

Upupvsoia Clay A Mem 

Forehead completely or flatly rounded, pleural plates bent towards the median ime, with 
blunt mtermittent heads umformly pigment^ throughout Keltnntrmut Eichler 
Head quadrangular 27 

Head mterrupto faeoiate Fattyuturmtcs gen nov 

Male gemtalia highly pigmented with brood endomeral plate, with strongly built pointed 
and mourved parameres Brudta Keler ( »« Degiendla ifitxsoh) 

Male gemtalia feebly solerotio with poorly developed endomeral plate and almost straight 
parameres TrcnhorteOag^ nov 

HmkI longer than broad with proiectmg forehead and rounded temples 

UFEUKIDAE 29 


Head usually as broad as or even broader than long forehead equal to at least one third 
of the post antennal region of head QONIODIDAE 30 

Male gemtoha oharaotenstic with broad basal plate parameres short inwardly ourved 
endomeral plate longer than parameres Ouclotogailer Carriker ( -» OoUtpeurw) Olay) 
Basal plate long narrow parameres long, usually narrowly pomted endomer^ plate short 
not extending beyond the middlo of parameres Lipeunu Nitesoh 

Third segment of inalo and sometimes firat also with an appendage Oontodtl Nitzsoh 

Third segment of male never appendiculate 31 

Two large recurved frontal processes on each side of head present male genital armature 
mrmoidtype highly built PorogontocoiM Cummings 

Without frontal prooeesos, male geuital armature simple, red like and narrow 

Oontoeota Burmeister 


n ESTHIOPTBRIDAE 
1 Ardeicola gaibagla,^ sp nov 

Female (Text fig la) elongate, < reamy white with yellowish brown pleural 
plates 

Head long and narrow, triangular forehead trapezoidal, rounded in front, 
olypeal suture distinct, entire dorsally and confined margmallv on the ventrum, 
olypeal signature bearing about fifty seven oresoontio papiUae or ndgos (Text fig 16), 
ohaetdtazy scarce, disposed as in figure Trabeculae short, conical and immovable 
Temples rounded witn narrow, mdistmct, yellowish marginal band and a short 
seta disposed as shown m figure Occipital margin sinuous with a small seta, gular 
pkte weak Antennae 6 jointed, filiform, bearmg cluster of fine setae at the tip 
Eyes protruding, rounded, ocular blotch distinct, small Pharyngeal glands and 
solente well developed 

Prothorax small, lateral margms straight with a small seta m posterior lateral 
angle Meso and mota thorax fused mto a pterothorax, slightly wider than pro 
thorax and bearmg 4 pustulated hairs on the posterior margm Sternal plates 
mdistmct, mteroox^ plates not well developed l^s as shown in figure, oonoolorous 
with the body 

Abdomen elongated, broadest m the V segment, gradually tapering towards the 
postenor end Segments I VII well marked, segments VIIIIX msed, last segment 
bilobed posteriorly Pleural plates I-VII distmot, narrow Tergal plates yellowish, 
mdistmct Ghaetotaxy scarce as shown in figure Sternal plates mdistmct 

Hale similar to female but smaSer Antennae 6 segmented, I jomt enlwged 
and nf joint has a small lateral protuberance Male genitalia chwaotenstio basal 
plate evenly and feebly ohitmised, almost double the size of parameres and 
meoosome, slightly narroivmg towards the antenor, parameres loim, well devdoped 
but not well ohitmised, furnished with a sensory seta, endomered plate of simple 
stroetore, penis short, rod shaped reaching as £ur as the middle of parameres 


> CUibtMla’mvenaaoular means the Indian Cattle Egret 




1 Archtcola jfotbagla, sp. 
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JfeMurementa (mm.). 



Female (Holotype) 

jJtarw » 

Body 

2 84 x 0 48 

251 262x040 

Head 

0 65 x0 34 

0 61 0 62x0 32 0 34 

E^thorax 

0 18x0 28 

0 15 0 17 x 0 24 0 28 

Pterothorax 

0 28X0 34 

0 30X0 26 0 30 

Abdomen 

1 73x0 48 

1 46-1 63x0 40 


Holotype (female) and AUotype (male) both from Lyallpur, 29-iii-1930, from the 
Indian Cattle Egret (Buhulcus tbui coromandm, Bodd ), mounted together on shde 
No AO 139 Pamiypea 2 males mounted together on shde No MI 139 P (same 
data as above) 

This louse closely resembles Ardetcola ardea (Linn ) from the Heron (Ardea e, 
cinerea Linn ) and ArdetcoloTeptscopt (Qadri) from the Indian White-netked Stork 
[Disaoura e eptacopa Bodd) It differs from the alhed forms m size, ohaetotaxy 
and tergal plates 

2. FuUcoffula lurldum (Nitzsch) 

1818 Ltpeuru) lurtdua, Nitzooh, Oerm Mag , III, p 262 

This species has been recorded on the Coot (Fvhca a atm Linn ), from England 
(Denny, 1^), and Germany (Nitzsch, 1818, Mjoberg, 1910), on Fvltca amertcana, 
from theJUmted States^of America (Osborn, 1896), on OaUtnula chloropus, from 
England (Denny, 1842). 

One male and one female were obtamed from the Coot (Fultca a atra larm ), 
shot m Lyallpur, 16-U-1928 

Measuremenia (mm) 



Female j 

Male 

Body 

2 56 x 0 43 

1 87x0 32 

Head 

0 67x0 31 

0 67x0 81 

Thorax 

0 47 xO 82 

0 44x0 27 

Abdomen 

162x0 43 

0 86x0 32 


Denny (1842) gave the length of female as 2 54 mm , while Piaget (1880) and 
Tasohenberg (1882) gave it os 3 04 mm and 3 2 mm respectively 


3. FolcoUpeorus quadrlpustulatus (Nitzsch) 

1818 Ltpeunu guadnpuatulaHia, Kitzsoh, Cterm Mag , III, p 298 

This species has been recorded from different vultures from Europe, Afrioa, 
Asia and the USA. Most of the hosts recorded from outside India are bIk) present 
withm India, viz , the Cinereous Vulture (Atgypiua momchua, Linn ), the European 
Oriffon (Qypa fvlma fvivus, Hab ), the B^led Vulture (GypaUoa barbatua, lim ) 
the Golden Eagle (AquHa diryaaitoa daphanea, Hodgs), the VTiite^tailed Sea>Eagle 
(HaliaUua albtctUua, Linn.), and the Upland Buzzai^ (Buteo hermlaatua Temm.). 


1 Figures m parenthecu indioate the number of individuals measured in each case. 
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lify q>eoim«>U) are firom the Cmereons VDltnre {Aegyp%UB monaehwa, Unn ), 
26-iu 1928, and the Hunalayan Gnfifon (Oyps h\nMlayenna Home), 9 1-1030, both 
shot in LyaUpnr 

Meamrtmerda {mm ) 



Female (3) | 

Hale (2) 

Body 

3 460-4 069 x 0 963-0 774 

3 886-3 985 x 0 60-0 676 

Hoad 

0 782-0 873 xO 493-0 663 

0 817x0 493-0 663 

Thorax 

0 663-0 891 x0 963-0 714 

0 634-0 691x0 690-0 614 

Abdomen ' 

2 165-2 606 xO 683-0 774 

2 535-2 677 X 0 600-0 678 


Piaget (1880) and Mjoberg (1910) gave the measurements of female as 3 26 mm 
XO 7 mm and 4 3375 mm xO 76 mm, while of male as 3 0 mm xO 6 mm and 
3 537 mm X 0 612 mm respeotively 

4 Anatlcola crassicorne (Soopoh) 

1763 Pedteulut eraatieome Scopult EtU cam p 383 

This long known species is very widely distnbuted on various species of ducks 
On account of shght variations, parasites from different hosts have been given 
vanetal status, resultmg m a long s^onymy The specimens referred to this 

K ies were obtained ^m the Ruddy Sheldrake (Casarca f ferruytnea, Vroeg) 
m LyaUpur, 21 u 1933, and Kulu, 21 x 1939 the Common Teal [NeUton c 
erecca, Lmn ) shot m LyaUpur, 20 ii 1933, and Kulu 21 x 1939 and the Dun Bud 
(Nyroca f Jenna Lmn ) shot m LyaUpur 14 n 1932 One female was also obtamed 
from the Himalayan Whistling Thrush {Myophonus coeruleua temmxMhi Vigors) 
shot m Kulu, 16 IX 1928 This is undoubtedly straggler 


Meaaurements {mm) 



Female (3) 

Male (1) 

Body 

2 82-3 29 x 0 36-0 67 

2 66x0 44 

Head 

0 66-0 61x0 34-0 43 

0 66x0 42 

Thorax 

0 42-0 89 x 036-0 44 

0 66x0 38 

Abdomen 

1 84-2 09 x 0 86-0 67 

146X0 44 


Piaget (1880) and KeUogg (1896) gave the meaeuremente of female as 2 85 mm 
x0 6 mm and 3 3 mm x0 62 mm respeotively, while Piaget’s (1880) male was 
2 5 mm xO 39 mm 

6 Golumbicola columbae (Lmn ). 

1768 Pedictilua ooiumbcM, Linnaeus, Sy»t Nat p 164 

This u one of the commonest species aU over the world There is a 
oertam amount of variation oomoident with geographical areas and hosts, but they 
are almost entirely those of size, which make it difficult to define the vanous sub- 

"^^umerouB specimens wwe obtained from the Bengal Green Pigeon {Crocopua 
f. phoenxeoptmu, Lath) shot in Ambala, the Indian Blue Book Pigeon {Cdvmba 
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Itvut ttOermedia Stnok) shot in LyaUpur, 27-TOi-1928, the Indian Spotted Dore 
(Streptopelui ehtntnsM mratensta, Gmel), 8'm-1028, the Little Indian Brown Dove 
{Strepiopeha aenegaUnsig canJnyitma, Qmel), 21-viii-1929, thnl^ian Ring Dove 
(Strept^ia d decaocta, Fnval), 27-m-1928, and the Red Turtle Dove [Oenopopelut 
t tranqudxtnca, Henn ), 6-1V-1932, all shot in Lyallpur 


Meaaurementa [mm ) 



Female (3) 

Male (5) 

Body 

2 239-2 453 x 0 29-0 40 

1 786-2 012 XO 200-0 266 

Head 

0 663-0 560 x 0 20-0 38 

0 480-0 646 x 0 116-0 213 

Thorax 

0 373-0 400 x 0 20-0 29 

0 306-0 400x0 186-0 213 

Abdomen 

1 333-1 493x0 29-0 40 

1 000-1 066 xO 200-0 266 


Piaget (1880) and Taschenberg (1882) gave the size of female as 2 1 mm xO 37 
mm and 2 44 mm X 0 39 mm , while of male as 1 8-1 9 mm x 0 3 mm and 2 28 mm. 
X 0 36 mm rospectively Kellogg’s (1896) female was 2 6 mm X 0 37 mm 


6 Turturicola flalimalil Clay & Mem 

1937 Turtancola salimaltt, Clay ft Moineitzhagen, Blntomolayitl, LXX, p 278, f 1 

Clay and Meinertzhagen (1937) found it on Streptopd'M d decaocta, Fnval and 
Oetwpopdw t trattqtubanca, Hem , both from Rajputana The present Bpeounwjs 
were obtained from the Indian Blue Rook Pigeon (Columba Itvta tnUmtedia Stnok ), 
27-vm-1928, the Indian Rmg Dove [Streplopdta d decaocta, i’nval), 27-m-1928, 
the Indian Spotted Dove [Strejdopdui ehtnenaM auratensia, Qmel), 8-m-1928, and 
the Little Indian Brown Dove [Streptopdia acnegalensts cambayeima, Gmell), 21-viu* 
1928, 

I also found it on the Bengal Jungle Babbler (Turdoidea 1 Umcolor^ Hodgs), 
16-111-1932, the Bumese White browed Fantail Fly-catcher (Leucoctrca aureola 
burrnantca Hume), 21 ii-1928, the Common Indian Myna [Acndotherea t inslM, 
Linn ), 16-X11-1931, the Common Indian House Siiarrow (Passer domeetxeus xndtms 
Jard & Selby ) and the Bose-nnged Paroquet [Pstttacula kramert mamUenais, Beohst), 
7-U1-1931 All the hosts were shot in Lyallpur It is difficult to explain the presence 
of this louse on such widely separate hosts Some are possibly stragglers and 
might have reached the hosts wUe they were feeding m close association, breeding 
in closer proximity, huddhng together on perches, or they might have used deserted 
nests of pigeons and doves 

Measurements [mm ) 



Female (7) 

Male (6) 

Body 

2 180-2 870 xO 300-0 426 

1 786-1 893 x 0 226-0 806 

Head 

0 620-0 646 x0 299-0 883 

0 466-0 403 x 0 280-0 808 

Thorax .. 

0 333-0 460 X 0 240-0 306 

0 860-0 400x0 213-0 268 

Abdomen ., 

1 266-1-440 x0 806-0 426 

0 946-1000x0 226-0-806 


1 It has been pointed out that the Punjab form appears to be Tvrioxdts tmicotor smdtanut 
Tioehunt. 
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m PHILOWBRIDAE 
7 Aegypoecus brevlcollis (Nitzsoh). 

1838 Doeophorus brevicoUu, Nitzsch, m Burmtuter, Handbueh der Ent, II, p 424 
This species was first described from the Cmereous Vulture (Aegypxna monachiia, 
Linn ) and has since been recorded on the type host from many parts of the world 
The specimens referred to hero were obtamed from the typo host shot in Lyallpnr, 
26-iii-1928 

MeaaureimrUs [mm ) 


Body 
Head 
Tliorax 
Abdomen 

Piaget (1880) gave its length as 1/2"' 

8 Aegypoecus griSoneae, sp nov 

Fermk (Text-fig 2o) golden yellow with brown markmgs on head, thorax and 
abdomen, abdomen almost circular 

Head sbghtly wider than long, tnangular, clypeal front unooloured, very 
shghtly dilat^, narrow, straight to slightly concave, two short hau^ at the anterior 
angle, two hairs near the distmct olyiieal suture, two dorsal hairs just before the clear 
unooloured olyiteal region, clypeal band deep yellow, clypeal signature mdistmct, 
reaohmg as far as the mandibles, mtenial band conspicuous, antennal band dark 
brown, distinct, runnmg along the margm# posteriorly straight, fusmg with occipital 
band, a black blotch at the base of trabeculae, trabeculae ventral, short and not 
projeotmg beyond the contour of head, antennae short and slender, temporal maigms 
projeotmg outwardly, posterior emgle rounded with two short hairs, temporal b^id 
narrow, shghtly conspicuous at the base of eye, eyes protruding, each with a short 
sub-basal hair, occipital maigm almost straight furnished with two central hairs, 
occipital band mdistmct, occipital signature shield-shaped and yellowish brown 

Prothorax narrow, with acutely rounded lateral angles, each beanng a short 
hair, posterior margm slightly convex, bare, margmal band mdistmct, brown mter- 
ooxal plates showmg through Moso- and meta-thorax completely fused mto a 
pterothorax, slightly projeotmg laterally, acutely rounded lator^ angles, each 
Wnng three hairs, posterior maigm markedly convex with three median and three 
sobmarginal lanceolate hairs on each half, margmal bands mdistmct, with a black, 
distinct, anterior blotch at the mter thoracic suture, mtorcoxal and pencoxal plates 
highly chitinised and showmg through Legs with claws unequal m size and bearing 
a numlmr of pedunculate spmes at the distal end of tibia, dark nngs at the distal 
end of femoral and tibial segments distmct 

Abdomen almost circular or broadly ei%tioal, with dark brown transverse 
marginal interscgmmtal Imes, tergal plates not distmitly marked, posterior maigm 
of segments I-\TO concave m the middle and convex submargmaJly, segment IX 
unookiured, narrow and ^nargmate, segments I-VII with numerous dors^ median 
rows of lanceolate hairs; segments II-VIl with 1-3 lateral hairs Ventrum with 
■imilAF lanceolate hairs on I-V s^meuts, and segments Hl-Vl with lateral S-6 
lonoeolate hain. Anal orifice distmct, s^ment VU with three brown plates, one 
osteal, trapezoidal, two lateral, one on each side, bemi-diaped, genital plate distinct 
with few matgtoal haus. 
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MaU (Text-fig 26) sumlar to female, tlie tergal plates very well marked, oon« 
fined to the submaiginal region Last segment rounded and thickened Genital 



Txxtito 2 Aegypotou* tryffontM, tp nov 

a Dorsal and ventral aspects of female, 6 Dorsal and ventral aspects of abdomen of male, 
c Lanceolate burs clothing body, d Male genital armature 


armature (Text fig 2d) weB developed, general oharaoters as for the genus but the 
parameres are strongly developed, twisted mwards from the nuddle and shear 
shaped 

Hckftype (female) on slide No MI 043 H, AUatype (male) on slide No MI 043A, 
obtamed from Himalayan GnflFon Vulture {Oypa hmaUtyenata Hume), both shot in 
Lyallpur, 9 1 1930 Paratypu 3 females and one male on sbde No MI 043 P (same 
d(^ as above) 

This speoMS IB sumlar to Aempoecus (■> BeUuo) neophron (Olay and Mein ), but 
differs m the narrow, unooloured mmto-olypeaus a^ indistinot, weakly pigmented 
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MeaauretMnii (mm ) 



Fenudo 

(Holofcyp«) 

Female (S) 

Male (2) 

Body 

Head 

Prothorax 

Pterothorax 

Abdomen 

*088XH)00 

0 791x1-010 

0 120 X 0 806 

0 226X0 600 

0 981X 1 000 

2-027-2 199x1 000-1 098 

0 718^ 863 x 0 980-1010 

0 120-0 169 x 0 606-0 591 

0 221-0 253x0 666-0 704 

1 0 887-1000x1000-1093 

1 782-1 946x0 760-1 113 

0 731-0 760 x 0 006-0 933 

0 138-0 169 x 0 480-0 621 

0 173-0 211x0 634-0 093 

0 774-0 828 x 0 780-1 113 


olypeal signature, prothorax with slightly angulato lateral margin and so la the 
pterothorax, male genitalia with very well-developed parameres which are twisted 
inwards in the middle and are flat and shear shaped 

9. Echinophllopterus tota.i sp nov 

Female (Text-fig 3) golden yellow with brown markings on head, thorax and 
abdomen; abdomen oval with angularly emargmate terminal segment 



Tmer-no S EtAtnophtlopieru* Ma, «p nov 
E^iraal and venbal sepeote of female 


I ‘ Tote ’ in veinaoular means the Indian Bose ringed Paroquet. 
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Head resemblmg Piaget’s (1880) intererting group forjlcuJatt, Idangulaf with 
narrow anteriorly tapering olypeus, olypeal front deeply notched and flanked with 
anteriorly produced lateral flaps whioh meet in the middle, ^tenor angle with 
two ventrally situated hairs showing through the dorsum, olypeafU&id prominent, 
olypeal suture distinct, extending far beyond clypeal signature, deeply concave; 
olypeal signature distinct, reaching as far as the mandibles, mtomal band oonqil- 
ouous, antennal band dark brown, distmct. turned mwards and reaching as far as 
the sub-median region, trabeculae large, long, projeotmg and blunt at the tips; 
antennae short, temporal margms projectmg outward, rounded, with two oomar 
setae, and two long hairs and a seta at the posterior angle, temporal bands not 
conspicuous, pale yellow with shghtly distmct ocular blotch, eyes not protruding, 
occipital margm a httle concave marginally and convex medially, bare, ocoipi^ 
band distinct reaching as far as the middle of the head and fused with the antennal 
band Occipital signature is triangular on a rectangular base 

Prothorax large, rectangular idth acute latero-postenor angles, a small seta m 
the posterior angle, posterior margm straight, bare, margmal band distmct, con- 
tmuous in the head, mterooxal plates highly developed, reaching as far as the middle 
line, sternum well developed, oblong, bare TAeao- and metathorax completely 
fused mto pterothorax, pterothorax slightly projeotmg laterally, latero-postenor 
%nglo blunt bearmg two long hairs, posterior margm angulate on abdomen with 
5 hairs distnbuted as shown m figure, lateral ban^ distmct, sternum weak with 
two hairs, pencoxal plates well developed Legs normal with slightly developed 
margmal bands 

Abdomen ovate, with dark yellow latero-transvorse plates and dark brown 
margmal bands on segments I-VII, segment VIII with entire blotch, segments 
I-VII with 4 5 hairs on each side of the median hno, confined m the middle, one hair 
on sublateral margm at the base of the lateral plates, and 1 -2 hairs m the lateral angles, 
segment VIII deeply emargmate posteriorly and with about 6 hairs on each lobe 
Ventrum wth short setae on segments I, 11 and III os shown m figure, hairs on 
posterior maigm, genital plate well developed with a senes of short hairs 


Measurementi (mm) 


Female 

(Holotype) 

(Paratypo) 

Body 

1 882x0 720 

1 666x0 680 

Head 

0 760 x 0 613 

0 663 X 0 646 

Prothorax 

0 138 x0 374 

0 106x0 333 

Pterothorax 

0 266x0-633 

0 240 xO 480 

Abdomen 

0 733X0 720 

0 666x0 880 


Holotype and Paralype 2 females from Lyallpur ex the Indian Rose-nnged 
Paroquet (PstUaevh kmmen mamlhwns, Bechst) mounted together on shde 
No MI 034, shot m LyaUpur, 17-iv-1931 

10 Echinophiloptenis, etp. 

Several nymphs were oolleoted from the Xodian Large Paroquet (PatUacula 
eup^rta nepalenata Hodgs ) shot m LyaUpur, 21-ii-1931 

11 Alcedoffula alcedinis (Denny). 

1842 Docophorui aicedvnxa, Denny, Anop. Bnl , p 111, pi 6, f 1. 

This species was first desoiibed from the European King-fisher (AUtdo attkis 
taptda) (hMy one immature ^eounen was obtained by me from the Egyptian White- 
breasted King-fisher (Haioycn $. rnymtsMit, Lum.) shot m LyaUpur, 17-U-1928. 
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PicophllopteruB, gen. nov. 

This genns is erected for the reception of a new species collected from the 
Himalayan Soaly-bellied Green Woodpecker {Picus a aqtutnuUua Vigors) shot m 
Knlu, 16-ix-1928 and 6-X-1939 

Descnptxon of the genua —^Elongate nirmoid Philopteridae with very moderately 
sclerotised body. Head large, tlypeus narrow, separated from preantennal region 
by a distmot suture, clyjieal front fornpated because of the lateral olypeal bands 
extendmg beyond the signature, area between flanked with hyaline flap which is 
entire, clypeal signature not distmctly chitmised, concave anteriorly, bluntly 
pointed posteriorly, reaching as far as the anterior margm of labrum Trabeculae 
large, not extending beyond the I antennal segment Antennae filiform, showmg 
no sexual dimorphic Occipital signature small, triangular, pharyngeal solente 
and glands well developed ftothorax small, far reachmg m the occipital margin, 
pterothorax with projected sides, small, broadly convex posteriorly, sternum and 
precoxal plates present Legs short Abdomen ovate, with rectangular I segment, 
pleural plates lE-VI straight, narrow, reentrant heads straight, tergal plates well 
marked, entire on segments II-VIII Female with deeply cmargmato IX segment, 
with Bhghtly coloured blotc h, male with rounded IX segment, with distmct raargmal 
band 

Genital plate in female conspicuous, notched and irmged with hairs Male 
genital armature with narrow basal plate Parameres are short, pom ted, curved, 
endomeral plate broad with narrow ohituused margins, m the centre of the endomeral 
plateihes a compound structure with curved triangular ears near the tip and a hollow 
tube beyond • 

This genus can be separated from Alcedoffula by the distmctly different form 
of genital armature and from EehtnophUopUrua by the absence of strong spines on 
ventral aspect of abdomen 

This genus is apparently confined to the Woodpeckers (Picidae) and should 
contain the species belongmg to Piaget's (1880) group angust%frontes and Phthpterua 
evagana (Kellogg), P jungena (Kellogg) and P cahfomtenata (Kellogg) 

Genotype —Pieophtlopterua tuktola sp nov (vtde tn/ra) ex the Himalayan Scaly* 
belhed Green W'oodpecker (Ptc«« a aqumnatiia Vigors) 

12 Plcophllopterus tuktola,^ sp nov. 

Female (Text-fig 4a) elongate, nirmoid body, narrow olypeal front, palo with 
dark maigmal markmgs 

Head a httle longer than broad, tnangular, with narrow, anteriorly tapering 
front, olypeus mcised m front because of the lateral olypeal bands which extend 
beyond the signatural plate, anteiior angle with two long hairs, one hair m front 
of suture, one dorsal, submargmal hair between'the suture and the front, one such 
hair on the tail of mtemal band, two hairs just m front of trabeculae, antennal 
bands distmot, broken at the olypeal suture, trabeculae large, acute, hardly reaching 
the I antennal s^ment, antennae normal, similar m the two sexes, eyes promment, 
flatly rounded, with central seta, ocular blotoh blackish, ocular band distmct, 
temples broadly roimded with narrow marginal band, two long hairs and a pnokle, 
occipital margm sinuous, bare, occipital band distmct but not highly pigmented, 
oooipital signature short, triangular, pharyngeal solente and glands distmot 

I^Hiorax short, projecting considerably beneath head, posterior angle rounded 
with one hair, postwrior margm flatly convex, true pterothorax, short, projecting 
laterally, l%tero-po8tenor angle with ohe short and two long hairs, postenor margm 
obtusely angulate on the abdomen with two sub-median hairs on each side, margmal 


'Tuktola* in vemaoular mean* the Himalayan Soaty-beilied Woodpecker. 


H AT1QT7B BABiAk AVaABI MALLOFBAaA (UOHirOOBRA) 


bands distinot sternum distmot interooxal plates well developed Legs normali 
concolorous with the body 





Tkxt ria 4 Ptooplnloptenu luktola sp nov 

a Dorsal and ventral aspects of female b Dorsal and ventral aapeote of tl orax and abdomen 
of male e Hale genital armature 

Abdomen elongate oval wl^ll dark margmal bands on segments I-VIU, 
transverse bands entire on segments I VUI but on 1II emargmate medially on 
antenor margm segments HI-VHI with long hairs on shghtly projeotmg posterior 
angles segments H-VII with one submaigmal hair segments I VII with median 
row of hams segment vm with 3 hairs on the posterior margm segment IX deeply 
emargmate almost colourless and bearmg no hairs Sternal plates confined m the 
middle ohaetotaxy scarce genital plate <ni segment VIII as shown m figure 

Male. (Text fig 4b) similar to female last segment projeotmg loimded, with 
long hairs on posterior margm and a distmot b&nd Genital armature (Text*l^ 4e) 
diithiot showing through segments VI-IX 

Soiotype (female) and AUotype (male) mounted together on shde No MI 080 
From Kulu ex &e Hunalayan So^y bellied Woodpecker {P%cus $ aqmmatve Vigors), 
15>ix 1928 Paroiiypea Numerous males and females from the type host shot in 
Kolu, 16-ix 1928 and 6 x 1939 



nnrasTiKO bibds ni thb Purf^As (india) 
Meaaurtnmnia (mm) 
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(Holotype) 

Female (3) 

Male (2) 

Body 

Head 

Prothorax 

Ptorothorax 

Abdomen 

2 286x0 740 

0 666 X 0 533 

0 160x0 320 

0 240 X 0 673 

1 200x0 740 

2 173-2 266 x 0 680-0 746 

0 613-0 066 X 0 633-0 660 

0 140-0 160 X 0 280-6 320 

0 240-0 264 X 0- 633-0 673 

1 133-1 200 x 0 660-0 746 

1 719-1 839 x 0 600-0 610 

0 673-0 686 x 0 480-0 490 

0 133 x 0 280 

0 200 x 0 *06-0 466 

0 800-0 033 X 0 600-0 610 


13 Incidlfrons pertusus (Nitzsch) 

^ 1818 Docophorua pertxuiu, Nitzsch, ff«rm Mag, Til, p 290 

This species was desonbed from the Coot (Fultca atra Linn ) by Sohrank (1803) 
and smce then has been recorded from the type host from many parts of the world 
Kellogg (1896) recorded it from the American Coot (Fnltfa am^ncana) and the Ruddy 
Duck (Erumatura ntbtda) which are constant associates m nature 

My specimens were recorded from the Coot (Fvltca a atra Lmn ) shot in Lyallpur, 
16-h-192g 

MeasuremtrUs (mm ) 



Female (1) 

Male (1) 

Body 

1 666 x 0 686 ' 

1 126x0 493 

Head 

0 660 X 0 466 

0 380x0 400 

Thorax 

0 306 x 0 400 

0 268 x 0 306 

Abdomen 

0 800 x 0 680 

0 *80 X 0 493 


Piaget (1880) gave its length to be 1/2"', i e 1 27 mm and 2/3'", i e 1 693 mm 
for male and female respectively, while Kellogg’s (1896) female specimens were 
shghtly bigger and measured 2 0 mm xO 92 mm 

14 Falcoecua ?mlivl (Mjoberg) 

1910 Docoptiorua mtln, MjAborg , -4rfc ^5ool, VT, p 109, pi 3, f 1, tf 03 

I provisionally refer to this species a number of specimens obtamed from the 
Common Pariah Kite (MUvus rntgraru gomnda Sykes) shot m Lyallpur, 6-iv-1033 
The t)^e-hoBt of this species is Mtltrus aegypltuB 

MeaauremerUa (mm.) 



Female (2) 

Male (1) 

Body 

2 003-2 218 XO 893-0 933 

1 799 x 0-800 

Head 

0 800x0 800-0 84 

0 733 x 0 733 

Thorax 

0 463-0 480 xO 60 

0 333 x 0 646 

Abdomen 

0 840-0 933 XO 893-0 933 

0 788 x 0 800 


Mjdberg’s (1010) fonale and male specimens measured 2 3125 mm x 1 0875 mm. 
and 1925 mm xO 9625xam. reepeotivefy. 
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U. ATigim BAHMAK AMSABi: KAUAPEAOA (XSOHirOOSaA) 

15 Alc«doecus caplstratiw (Neiunaan). 

1912 PhUoptenu aapulratut, Neumann, Areh ParoMt , XV, p. 876, f 20. 

JS'lunerous specimens from the Egyptian White-breasted n^-fisher {Saleyon 
8 arnymerms, Liim ) shot m Kulu, 9-X-1939, and Lyallpur, 21-1-1929 This qieoies 
was described from specimens t^en off Halcyon leuco^phdla Bedford (1919) 
recorded it from the Brown-hooded Kingfisher (Halcyon a&eventns) from Transvaal 
and Natal 

Meaeuremenla (mm) 



Female (2) 

Male (3) 

Body 

1670-1 746 x 0 463-0 600 ! 

1 430-1 492x0 633-0 660 • 

Head 

0 646-0 660 x 0 606-0 633 

0 463-0 493 x 0 480-0 493 

Thorax 

0 306-0 320 x 0 463-0 466 

0 280-0 306 X 0 400-0 426 

Abdomen 

1 0 813-0 880 x 0 463-0 600 

0 666-0 706x0 633-0 660 


16 Anatoecus dentatus (Soopoli) 

1763 Pedunilua dentatut, tlcopoh, Ent Cam, p 383 

This is the commonest parasite of ducks, recorded under different names from 
vanous parts of the world A large number of its recorded hosts occur within Indian 
limits, VIZ , the White-fronted Goose (Anser a alb^rons, Scop ), the Mallard (Anaa 
platyrhyncha, Linn ), the Wigeon (Mareca pendop, Lain ), the Common Teal (Nettton 
c crecca, Luin ), the Shoveller (Spatida dypeata, Linn ), the Red Crested Poohard 
(NeUa rufina, Pallas), the Pochard (Nyroca f Jenna, Linn ), the Scaup (Nyroea m 
mania, tinn ), the Tufted Poohard (Nyroca f fuhgula, Linn ), the Smew (Mergdlua 
albcUua, Linn ) and the Goosander (Mergus merganser merganser Linn ) 

My specimens were obtained from the Brahmmy Duck (Casarca ferrvgtnea, 
Vroeg), 6-1V-1933, and the Dun Bird (Nyroca f Jenna, Lmn ), 14-xi-1932, both shot 
m Lyallpur 

MeasuremetUs (mm ) 



Female (2) 

Malo (3) 

Body 

1 479 x 0 633 

1 118x0 466 

Head 

0 806 X0 426 

0 426X0 400 

Thorax | 

0 280 x0 360 

0 226 x 0 333 

Abdomen 

0 693 x0 633 

0 466x0 466 


Kellogg (1896) gave the measurements of female as 1 4 mm xO 62 mm 

17 Penenlrmus subfiavescens (Geoffroy) 

1762 Pedteulus aubflavescent, Oeoffitoy, Hirt Ab Ins , 11, p 609 

This species has been recorded from a number of passerine birds Giebel 
(1874) listed 29 passerine birds representing IS genera, Picaglia (1885) gave an ex* 
hMutive list of i^monymy and listed 43 speoies of European birds from which this 
species was collected up to that time Kdlogg ei al. (1896-1899) recorded it from 
aixmt 45 American Paseeriformee Harrisem (1916) has referred to 21 synonyms. 
Ptovisionalfy I refer numerous specimens to this group of olosely allied speoies 





IHraSTIKO BtBOS IK THS PTTKJTAB (INDIA) 


from the following birds shot in Lyallpur Variatioia among these speounens was 
marked and oertamly of speoifio vidue, but the uncertain condition of thi^ species 
kept me from attemptmg further diagnosis The Bengal Jungle Babbler {Turdoidea 
temcohr terrtcolor H^gs ), the Common Babbler (Argya e caudata, Dumont), the 
Punjab Red-vented Bulbul {Molpastea oafer trUermedius, Jerdon), ^e Himalayan 
White-cheeked Bulbul {Molpaetea I Itucogmys, Gray), the Western Red Spotted 
Blue-throat (Cyatwaylma a auecica, Lmn), the Brown-backed Indian Rohm (Saxi- 
cdUndea fvluMta cambavenaxa, Lath ), the Indian Great Grey Shrike (Lanius excnbttor 
lahtora, Sykes), the Rufous-backed Shrike {Lantua schach erythronotus, Vigors), the 
Brown Willow Warbler {PhyUoacojuta eollybitua trtsha Blyth ), the Red headed 
Buntmg (Embenza brunntcepa Brandt), the Indian White Wagtail (MotaciUa alba 
dukhunmata, Sykes) and the Indian Crested Lark (Oalerida cnatala chendoola Frankl). 

MeaauremerUa (mm ) 


Female (8) Male (3) 


1 289-1 4B2x(^53-0 «I3 I 120-1 J29 xO 420 0 Ud 

0 451-C 500 X 0 426-0 530 0 40) x 0 400 

0 203-0 266 X 0 360 6 403 0 200-0 266 a 0 311-0 380 

0 530-0 733 x 0 630-0 613 0 463-0 600 / 0 420-0 540 


18 Penenlrmus ornatus (Nitzsoh) 

1800. Dooophortu (ymattu, Nitzsoh, m diebel, Ze%t , f gea, Nai , XXVII, p 116 

This species was described by Hitzsoh (m Giebel 1860) from specimons taken 
off the European Golden Oriole (Ortolua o ortolua, Linn ) The specimens referred 
to here were immature and obtamed from the Indian Golden Oriole (Onulua o 
kundoo Sykes), shot m Lyallpur, 6-vii-1028 

19 Penenlrmus raji.i sp nov 

Female (Text-fig So) well built, yeUowish with brownish bcxiy markings, with 
oons;^ouous tergal plates and ventral transversal blotches 

Head shghtly longer than broad, forehead narrow, concave, olypeal suture 
distmot, anterior angle with two hairs, 3 hairs beyond it on the proantcnnal region, 
antennal band and mtemal bands well formed, narrow, trabeculiio large, mute, 
reaohmg as far as two-thud of the 11 antennal segment, antennae normal, similar in the 
two sexes, eyes pronunent with a basal hau, ocular bauds distinct, temples rounded 
with one long hau and a few setae as shown m figure, occipital signature small, 
phwr^geal glands and solente well developed 

!^thorax well developed, projeotmg considerably beneath the head, posterior 
angle with a hair, marginal band well pigmented, mterooxal plates showing through 
True pterothorax, projecting laterally, latero-postenor angle with tv o haus, posterior 
margm oharaotenstioally angulate on the abdomen with a senes of long hairs, 
maiginal bands distmot, sternum distmot, mterooxal plates well developed Legs 
normal, oonoolorous with body 

Abdomen ovate, with sughtly projeotmg s^ments, margmal bands I—VH 
distinot, wdth turned mwards heau, tergal plates I-VII submargmal, tergal plate 
Vm entire, IX emaigmato, colourless Chaetotaxy scarce. Sternal 

' ^ 'Bali* in vemaoulor meiuia tiM Indian Yellow-throated Sparrow 


Body 

Hoad 

Thorax 




270 M ATIQ0B BAHMAN ASSAM. MAIXOPHAGA (iSOmfCKJBBA) 

plates distinctly marked, genital plate on segment VIH with pustulated setae on 
the maigins. 



a Dorsal ond ventral aspects of female, 6 Dorsal and ventral aspects of thorax and abdomen 
of male; c Male genital armature 

Male (Text-fig 66) similar to female, last segment rounded behmd with narrow 
posterior border and numerous hairs OemtaUa (Text-fig 6c) showing through 
segments VI-IX 

Holotype (female) mounted on slide No. MI 026H, from Lyallpur, 13-7-1933, 
ez the Yellow-throated Sparrow (Oymnoru x xatUhocoUte, Burt) Aliotype (male) 
on slide No MI 026A from Lyaiwnr, 6-V-1931, ex the Indian House Sparrow 
{Paseer domesttcut tndtciu Jard. and Iwlby.). Poratypea (2 females) mounted togethw 
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H ATIQUB BABUAB ANSABI B(AUX>mAaA (iSOHirOOlBA) 


Piaptet (1880) gave the measurements of female and male as 1 7-1 8 mm XO 73 
mm and 1 6 mm x 0 7 mm respeotively 

22 Philopterus gamill (Boisd & Laoord.) 

1836 ZJocopAortw BoiwIuvhI & Lnoordnire, ^’oun Ent,,Pan»,-p 120 

This species is found quite commonly upon the Jay {Oarrultia glandariua) 
Kellogg and Paine (1914) recorded it from the Yellow-billed Magpie (Orocisaa f 
flavirostns, Blyth), the Indian Treepie {DendroetUa rufa rufa, Lath ), the Himalayan 
Treepie {DendroetUa sirtenan htmalayenmi Blyth), the Black-throati^ Jay {Oarridtu 
lanceolatuui Vigors) and the Large Spotted Nutcracker {Nuctfraga mnUtpunctata 
Gould), all from India 

The present specimens are from the Indian Rcd-billed Blue Magpie {Uroctssa 
erythrorhyncha ocnpUahn, Bl 3 rth) and the Bengal Treepie {Dendroatta r rufa, Lath) 
both shot in Lyallpur, 16-vin-in28 and 26-viii-1928 respectively 

Meamrementa {mm ) 


Female (1) 


2 106x0 80 
0 600x0-673 
0 106 X 0-546 
1 04x0 80 


Piaget (1880) gave the measurements of male and female as 1 6 mm xO 67 mm. 
and 1 9 mm xO 8 mm respectively 

23 Philopterus corvi (Lmn ) 

1768 Ptdirulus corm, J.innoeus. Sys Nat, 11, p 612. 

This species was recorded by Denny (1842) from the Common Book {Corvua 
frugtlegue) and the Hooded Crow {Corvua comtx) It has also been recorded by 
Kellogg and Pame (1914) from crows m India 

The present specimens were obtamed from the^Pnnjab Raven {Corvua corax 
lavrencet, Hume), the Eastern Rook {Corvuafrugikgua taehuatt, Hartert), the Common 
Indian House Crow {Corvua spUndent apkndena Vieill), all shot m Lyallpur 21-vi- 
1938, 21-U-1929 and ll-u-1930 respectively 


MeaauremeiUa (mm ) 



Female (8) 

Male (1) 

Body 

1 746-2 220 xO 820-0 880 

1 913x0 76 

Head .. 

0 610-6 680 x 0 660-0 773 

0 880 X 0 68 

Thorax 

0 333-6 414 x 0 660-0 613 

0 307x0 66 

Abdomen 

0 800-1 200 X 0 828-0 880 

0 946x0 76 


Piaget (1880) gave the measurements of female and male as 2 2 mm. xO 94 mm. 
aitd 1-8-1 9 mm.xO 94 mm. respectively. 
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24 Philopterus sturol (Sohrank) 

1770. Pediculut ttumt, Sohrank, Bert zur Nat., p 118, f 11-14 

This species was descnbed from specimens obtamed from the Starhng (Stumua 
vulgans Lum ) The specimens referred to ivere obtamed from the Rose-coloured 
Starlmg {Pastor roseus, Linn), the Himalayan Starlmg {Stumus vulgarta humu 
Brooks), the Black-Headed Ma3ma {Temenuchus pagodarum, Gmel), the Common 
Mayna {Acrtdotheres t trialis, Lum ), and the Bank Mayna (Acndotheres gingtmanvs. 
Lath ), all shot m LyaUpur. 

Measurements (mm) 



Femalo (5) 

Male (2) 

Body 

1 306-1 613X0 611-0 733 

1 189X0 663 

Hoad 

0 630m b(K)XO 511-0 660 

0 600X0 633 

Thorax 

0 240-0 2H0 y 0 440-0 401 

0 240x0 400 

Abdomen 

0 613-0 813x0 613-0 731 

0 440X0 463 


Piaget (1880) gave the measurements of the female and male as 1 5 mm XO 72 
mm and 1 2-1 3 mm x 0 64 mm respectively 

rv DEOEERIELLIDAE 

25 Pslttaconirmus chandabani,i sp nov 

Female (Tevt-fig 6o) yellowish white with distmot, brownish yellow pleural 
plates and mdistmot tergal markmgs 

Head longer than broad, olypeal front rounded, small hairs distributed as shown 
in figure, olypeal band narrow, antennal band broad, highly pigmented, clypeus 
with two small papillae as shown m figure, cly^ieal signature absent, mtcrnal bands 
travellmg half way towards the clypeal signature, trabeculae distmc t, small, trian¬ 
gular , antennae filiform, temporal lobes rounded, as broad os the base of proantomial 
region, eyes distmut, ocular fleck black with a seta, temporal margm narrowly 
banded Occipital margm concave, occipital signature distmet, largo, pharyngeal 
solente and glaiyls present 

Prothorax rectangular, large, a long hair m the posterior margm and a small seta 
towards the anterior, posterior margm straight or shghtly convex, bare, sternal 
plate narrow, precoxal margm pigmented showrng through on the dorsum Meso- 
and metathorax with a distmot marginal suture, otherwise fused, pterothorax trape¬ 
zoidal, projectmg laterally a httle, posterior angle outwardly rounded w ith two small 
hairs, posterior margm angulate on the abdomen with a distiu't median denticle 
wuth four long hairs on the margm, margmal bands distmot, brown, intercoxal plates 
showrng through on the dorsum Sternal plates distmot, broad, with a small seta 
Legs long, lipeuroid 

Abdomen elongate, margmal bands brown, conspicuous on segments I-VII, 
ohaetotaxy very scarce, con&iod submargmally only, median areas almost bare, 
ventnim with a well bmlt gemtal plate ansmg from the base of segment VII with 
four thick setae and numerous dehoate hairs, frrmmal segment notched 

Male (Text-fig 66) similar to female, but shorter, antennae appendiculate 
(Text-fig 0c), abdomw widening posteriorly to segment VI, segment VII a httle 
narrower than yi, and segments VUI and IX narrowing more rapidly, segment 
VIII with 18-20 dorsal hairs arranged in a semicircle, segment IX broadly rounded 


^ * m vttTDACuleur moMu tho Ihdiaii Lurge pAro(|uetf 
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ATIQTTB BAH MA K ANSABI. BCAIXOFHAOA (I8OHKOOBBA) 


pofitenorly with a median notch and profoaely setaoious, ventrnm with a delicate 
spur on s^ment III Genitalia (Text-fig. 6d) oharaoteristio with interlocking and 
well built parameres 



Text wo 6 PsMaeon'trmtu chandabam, sp nov 


a Dorsal and veatral osponts of female, b Dorsal and ventral oepeota of tlyrax and abdomen 
of malo, 0 Male anteana, d Male genital armatiire 


Meaaurementa {mm.) 



Pomole 

(Holotype) 

Female (3) 

Mole (2) 

Body 

1 918x0 460 

1 706-1 826 XO 386-0 426 

1 412-1 428 x 0 346-0 378 

Head 

0 493X0 366 

0 466-0 493 xO 380-0 373 

0 400-0 426 XO 306-0 338 

Prothorax 

0 133x0 226 

0 133x0 213-0 226 

0 093-0 106 X 0 178-0 200 

Pterothorax 

0 226 X 0 360 

0 200-0 216 xO 833-0 380 

0 226 x 0 293-0 806 

Abdomen 

1 066 x 0 466 

0 893-1 026 XO 886-0 426 

0 680 x 0 346-0 378 


Bdotype (female) and AU<aype (male) from ^allpur, IS-m-lQSl, ex the Indian 
Large Paroquet {PstUcteula ewjMtrw TMfolenma Hodgs) mounted on slide No MI. 
030, Paratypea: numerous malbs and females (same data as above) preserved in 
alcohol. 

This i^eoies closely resembles Lipeunu drcumfaacuiUue Piaget firom Platycereue 
metamrua, but differs m numerous details given above. 


INFESTINQ BIBD8 IK TBS FKKJAB (iKOU) 
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26 Psittaconlrmus lybartota,i gp nov 

Female (Text fig la) yellowish white with distinct brownish yellow pleural 
bands and indistinct tergal markings very similar to PsxUammrmua chandabanx 
Bp nov (vtde supra) but the following oharaoters separate it 
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(1) Male (Tezt-fig 7b) -with almost subparallel sides, (2) segment Vm with 
6-7 hairs on each side of the oirole, median area defimtely bare, (3) male genitalia 
(Toxt-fig 7e), as seen in extending condition, is differe^^ with short parameres 
which are not mterlooking, (4) ventrum withont any spur ahlWgment III 

MeMurement {mm) 



Female 

(Holotype) 

Female (3) 

Male (1) 

Body 

1 (146X0 333 

1 600-1 662 x 0 306-0 30 

1 293x0 280 

Head 

0 440 x 0 293 

0 413-0 440 X 0 280-0 32 

0 400x0 280 

Pro thorax 

0 093x0 213 

0 080-0 120 X 0 173-020 

0 093 x 0 173 

Pterothorax 

0 220X0 308 

(> 200-0 220 xO 293-0 32 

0 200X0 293 

Abdomen 

0 886x0 333 

0 880-0 893 x 0 306-0 36 

0 600X9 280 


Holoiype (female) and Allotype (male) from Lyallpur, 6-X-1931, mounted to¬ 
gether on slide No M 036 ex the Indian Rose-ringed Paroquet {Patttacula kramert 
mamllenata, Bechst) Paratypea numerous males and females preserved in alcohol 
(same data as above) 


27. Quadraceps kekra.t sp nov 

Female (Text-fig 8a) yellowish white with dark blaek marginal markings on 
head, thorax and abdomen, and ohostnut-brown occipital signature and abdommal 
blotches 

Head elongate, conical, clypeus truncate, front concave, feebly emargmate, 
a short hair at each anterior angle, two lateral ones, one in the mid^e and one at 
the clypoal suture, latoral band well defined, black, olypeal signature wantmg, 
'inner band absent, antennal band represented by two conspicuous black blotches, 
one just near the olypeal suture and another at the base of trabeculae, trabeculae 
short, comcal and distmot, antennae short and slender, second segment longest, 
terminal segment pigmented, temporal margins weakly convex, with one long and 
two short hairs at the rounded posterior angle, temporal band black, continuous 
with the ocular blotch and bar Eyes weakly develojm, each with a spine, hyaline 
cornea distorted Occipital margm concave, bare, occipital signature ohestaut 
brown 

Prothorax quadrangular with short hair on the posterior angle, lateral margin 
black, the black area running anteriorly m the head as far as the occipital signature, 
and posteriorly along the posterior margin as far as the middle line Meso- and 
metathorax completely fus^ mto pteroliorax Pterothorax pentagonal, posterior 
angles projecting, anterior lateral margm chestnut brown, mtercoxal, curved sternal 
blotches, showmg through, posterior angles with 3-4 short hairs, two long marginal 
hairs on the posterior as m DeyeerteUa felxx (Qb ) 

Abdomen nearly parallel sided for most of the length, segment I narrow, sides 
shghtly concave, posterior margin angulate on segment II with a black spot at the 
large pleurite re-entrant head; sternum with a pointed half-moon shaped brownish 
blotch Segments II-VH with marginal bands thickened on the anterior ends and 
with black spots at the large pleurite re-entrant heads, d orsum with small median 
blotches and ventrum with transverse blotches, segment Vlll with a blotch and a 
bar at the latered margin, and a median blotch just near the posterior margm, 
segment IX bilobed postenwly with a black blotch on each lobe. CThaetotaxy 
scarce Anal onfioe m female very conspicuous 


tfaa Egyptian OuU billed Tern 
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nrtfJMTIKG BIRDS nr thh pdkjab (htdia) 

Male flg 86) agrees with the female except m size and abdominal sternal 
blotches which are wider last abdominal segment broadly rounded with chestnut 
marginal band and with about 10 12 long margmal hairs and 4-4 submarcrmal 
^irs Gemtaha (Text fig 8c) well developed short parameres sword shaped, 
turned mward with a small seta at the tip endomeral plate well developed with 
wll ohiti^ed lateral margin havmg two small setae at the postal end perns well 
developed and enclosed in a sheath 



Tbxt no 8 Quadraceps kekra sp nov 

a Dorsal and ventral aspects of female t Dorsal an 1 ventral aspects of abdomen of male, 
c Male glint kl irn at iro 


MmmremtnXa (mm ) 



Foroale 

(Holotype) 

Male 

Body 

1 810x0 804 

1 440 X 0 366 

Hood 

0 607 x 0 300 

0 466x0 333 

Prothorax i 

0 080 x 0 218 

0 080 x 0 1 86 

Pterothorax 

0 173x0 280 

0 183X0 226 

Abdomen 

1 060 x 0 894 

0 701X0366 


Holotype (female) and Allotype (male) from Lyallpur, 11 viu 1931, ex the 
Egyptian Gull billed Tem (CMocheltdon n mlottca, Gmel) mounted on slide 
N& la 102H and MI ld2A respectively Paratype one female mounted on slide 
(aaiae data as above) 
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These examples closely resemble DegeetieUa praestana (Kellogg) and DegearieBa 
fehx (Ob ), but are distmotly of a smaller size, different type of marginal bands on 
the abdomen, transverse abdominal blotches and also a.^^ht variation in ohaeto- 
taxy distinguish it from the two speoies 

28. Quadraceps cnraorius (MjOberg). 

1010 mrmua ourtonua, MjOberg, Art Zool,VI,p 141, pi 1. f 4 
Mjdborg (1910) obtained it from the Cream-ooloured Courser {Cwaorxua gaUteua 
Gmobn = cursor cursor. Lath ) in Europe The specimens referred to here wore 
obtamed from the type-host {Curaortus c cursor. Lath ), shot in Lyallpur, 13'Xii-1930 
I transfer it to the genus Quadraceps because of the characters given by Clay and 
Moinertzhagen (1939) 

Measurements {mm) 



Female (3) 

B<Kly 

2 013-2 220 x 0 401-0 533 

Hoad 

0 660-0 640 xO 401-0 426 

Thorax 

0 203-0 333 x 0 400-0 401 

Abdomen 

1 160-1 203 xO 401-0 633 


Mjoborg (1910) gave the measurement of female as 2 3 mm xO 6125 mm 

29. Quadraceps hiaticnlae (MfUler) 

1780. PedvMlus htaticulae, MUlIor, in Fabririiis, Faun Oroen , p 220 

, This species is recorded from various birds belonging to the family Charadnidae 
The following of its bird-hosts are also common withm Indian limits The Ringed 
Hover {Charadrms htatxcola Linn), the Little Plover {Charadrtus dubxua Scop)', 
the Avocet (Recurvxroatra avocetta avocetta Linn) and the Lapwmg (VaneUus vanmus 
Linn) My specimens were obtamed from the Indian Red-wattled Lapwing 
(LobwaneUus » xndxcue, Bodd), shot m Lyallpur, 16-iu-1929 


Measurements {mm) 



Female (I) 

Male (1) 

Body 

1 772X0 880 

1 319x0 346 

Head 

0 466 X 0 333 

0 440 x 0 320 

Thorax 

0 306 x 0 280 

0 293x0 240 

Abdomen 

1000x0 380 

0 586x0 346 


Piaget (1880) gave the measurements of female and male as 1 5 mm xO 4 mm. 
and 1 3-1 4 mm. respectively 

30. Quadraceps signata (Piaget). 

1880 Ntrmua atgnatus, Viaget, Let Pediouhnee, p 180, pi 16, f 8 
This speoies was first described from the Avocet (Recunnroatra a avocetta 
Lum.) Waterston (1914) recorded it on the same host in South Africa The present 
specimens were taken off the Black-winged Stilt {Hxmantopua h, Mmantopus, Linn.) 
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MeoauremerOa (mm) 



Fomain (1) 

Male (1) 

Body 

2 211X0 4S1 

1 867x0 481 

Bead 

0 478 x 0 309 

0 478x0 338 

Thorax 

0 338 X 0 309 

0 295x0 206 

Abdomen 

I 395X0 451 

1084X0 451 


Piaget (1880) gave the moaflurements of female and male as 2 0-2 2 mm xO 62 
mm. and 16-17 mm xO 46 mm respectively 


31. Quadraceps holophaea (Nitzsch). 

1838 Nirmua kohphaeiut, Nitzscli, ui Unrmomtor, Handbuch der Ent , II, p 427 

It has been recorded from most parts of the world on the type-hbst, the Ruff 
and Reeve (Phxlomachue pugnax, Linn) My specimens were taken off the type- 
host, shot m Lyallpur, 13-vm-1929 


Measurements (mm ) 



Female (1) 

Male (1) 

^dy 

i 662x0 295 

1 241x0 352 

Head 

0 394 x 0 235 

0 380x0 207 

Thorax 

0 230x0 211 

0 218x0 239 

Abdomen 

0 920X0 296 

0 046x0 353 


Piaget (1880) gave the measurements of female and male as 1 7-1 8 mm X 
0 34 mm and 1 6-1 7 mm xO 33 mm respectively 


32. Quadraceps furva (Nitzsoh). 

1838 Ntrmui Junu», Nitzsth, lu Biirmowtor, Handburh det tint , H, p 427 

Recorded by Piaget (1880) from the Greonshank (Ohttxs nebutarm, Gum), 
the Spotted or Dusky Redshank (Tnnga erythropus, Pallas), the Common Sand-piper 
(Trvuga hypdeucus Linn), the Green Plover or lapwing (Vanellus vaneUua Lum) 
and the Chinese Little Ri^ed Plover (Charadnus d dubius Scop ) It has also been 
recorded by European authors on the Turnstone (Arenarxa » xiUerpres, Lmn), the 
Kentish Plover (Letieopohus a cdexandrmus, Linn ), the Large Sand Plover (Gxrre- 
pidesmus leschenauUxx, Lesson), the Blaok-wmged Stilt (Hxmantopus h hxmantoprts, 
Lum.), the Bar-tailed Godwit (Lxmosa lappoxuca lapponxca Linn ), the Green Sand¬ 
piper (Trxrxga oehrophus Lmn), the Curlew-Stmt or Pigmy Sand-piper (Er<Axa 
testaeea, Pallas), and the Dunlin (Mrolxa a alpxna, Lmn) All these hosts occur 
within Indian limits 

My specimens were obtamed from the Green Sand piper (Trxnga ochrophta 
lann), 24-iv-1933, and the. Black-winged Stilt (H h hxmardopua, Lmn ) 25-iv-193S, 
both ^ot m LyaUpur 
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Meaeurementa (mm.) 



Female (1) 

Mai?Tf) 

Body 

Head 

Thorax 

Abdomen 

1 689x0 263 

0 422 x 0 239 

0 230 x 0 218 

1 028 x 0 20S 

1 210 X 0 263 

0 239x0 107 

0 197x0 182 

0 774x0 263 


Piaget (1880) gave the measurementa of female and male as 1 5-1 0 mm X 
0 37 mm and 1 2-1 3 mm xO 29 ram respeotively 

33. Lunaceps actophlla (Kell & Chap ) 

1899 Nirmus aclophtlus, Kollogg & Chapman, Proe Oal\f Acad Set (2) VI, p 78, pi 6, f 4 
This spociea was described from the Sandorlmg (Calxdns arenana) shot m 
Califorma Bedford (1920) recorded it from the Curlew Sand-piper (Erotw, tesiacea, 
Pallas) and the Little Stmt (Erolw mtnuta mmuta, J,iei8t) from South Africa Both 
those hirda are afro distnbutod within Indian hmits My spooimona were obtained 
from the Little Stmt (Erolta m mtnvia, I^eist), shot m Lyallpur, 25-iv-1033 

MeaauremenU (mm ) 


Fninale(l) Male (1) 


1464x0 230 1 296X0 211 

0 338x0 226 0 362x0 182 

0 263x0 100 0 226X0 169 

0 873x0 239 0 718x0 211 

KeUogg and Chapman (1899) gave the measurements of female as 1 69 mm x 
0 4 mm 

34. Gardulceps dngulatus zonatius (Nitzsoh). 

1838 ZVirmiM cmgulatus zonana, Nitzsch, m Biirmeiiter, Uandhuch der Era , TT, p 438 

This species was described by Denny (1842) from specimens taken off the 
Black-tailed Godwit (Ltmoaa I hmoaa, Lum) Piaget (18W>) recorded it from the 
Sanderlmg (Caltdru arenana) and the Little Stmt (Erolxa m mxnuta, Leist) The 
Godwit and the Little Stmt are migrants to North-West India The specimens 
referred to below wore obtamod from the Little Stmt (Erolxa m mtnuta, Leist), 
shot m Lyallpur, 6-iv-1933 

Measurements (mm ) 



Female (1) 

Body 

1280 x 0 338 

Head 

0 309 XO 268 

Thorax 

0 197x0182 

Ab^anen 

0 774x0 388 
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Piaget (1880) gave the measurements of female and male as 1 3 mm xO 3 mm 
and 1-1-1 2 mm, rosxieotively -while Ntrmua rnngvlatua Nitzsoh is given as 1 6 mm. 
XO 42 mm and 1 3-1 4 mm xO 38 mm respectively 


36. Gucullcola latlrostrla (Burmeister) 

, 1838 Ntmtua ItUiroiUrtfi, Bunneiator, Uandbuch tier Ent , 11, p 429 

It was described from'speoinionH taken off the European Cuckoo {Cwidtia 
canorua Lmn ), which migrates in winter to North-West India My specimens were 
obtamed from the Common Hawk Chickoo (Hterococcyx vanus Vahl), y-iv-1928, 
and the Indian Pied Crested Cuckoo (Vlamator j jacobinus, Bodd), 22.viu-l‘)2q, 
both shot in Lyallpur 

Meaaurtmenla (mm) 



Female (4) j 

Male (4) 

Body 

I 630-1 708 XO 36(M) 440 

1 699-1 613x0 41(1-0 460 

Used 

0 477-0 600 x 0 333-0 340 

0 480-0 493 x 0 340 

Thorax 

0 200-0 240 x 0 306-0 320 

0 186-0 2(M>x 0 333 

Abdomen 

0 946-1 066 x 0 360-0 440 

0 920-0 933x0 4(j0-il 480 


Piaget (1880) gave the measurements of female and male as 16-10 miu x 
0 43 mm and 1 4 mm xO 30 mm respeotivoly 


36. Syrrbaptoecus emahusalnl, sp nov 

Female (Text-fig 9) elongate, about five times as long as wide, smoky brown 
with fuscous black bands on the margm of head, thorax and abdomen and fuscous 
transverse abdominal blotches, chaototaxy scarce 

Head stout, about two times as long as wide, forehead broader at postonos 
aspect, with an angulation on meson, lateral margins straight bearing two short 
hairs, antennal bands fuscous black, continuous with yoUowish brown clypeal bands, 
trabeculae movable, short, triangular, slightly longer than broad, aiitoimao simple, 
eyes hyahne, iirominwit, cornea rounded, ocular seta wanting, ocular band well 
formed, temples convergent, lateral margins almost straight or tiatly rounded with 
a long median hair, margmal band narrow, not very distinct but near the eyes, 
posterior margin flatly concave, occipital band dark yellow to brown 

Thorax about half as long as head Prothorax narrow, short, tiapizoidal, 
anterior portion deeply inserted under the oooipital margm, lateral margins project¬ 
ing, straight, bare, lateral bands distmct, posterior margm straight Mesothorax 
narrow, ooUu-hke, with distinct lateral bands, oomplotoly fused posteriorly with 
metathorax Pterothorax well developed, broad, parallel sided, lateral bands 
broad, latero-postenor angles rectangul^ with two postulated long hairs, posterior 
mar gin at.raighr., bare I^gs oonoolorouB with the thorax, margmal markmgs on 
femora ondrabia narrow Sternal plates well developed, as shown m figure 

Abdomen eloimated, broadest m the III segment, gradually tapermg towards 
the last segment, Segment I shortest, segment II longest and se^ents III-V long, 
nearly equal m lengui, segments YI-1^ short, segments VIII and IX fused, latero- 
postenor an glea ^ II-VIII s^pnents with one hair, posterior margins straight, 
terminal segmuit with median notch, segments I-VT bearing transverse row of 2-3 
long hairs, lato-al bands trell developed, each pleurite articulating with pleunte m 
front of it by means of on inne r, capitate condyle, transverse banw confined to the 
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middle Sternal platee I-V with 1-2 short hairs, stemite VI with distmot genital 
blotch and longitudinal bands. 



Text no O' Syrrhaptoteu* emahutam* si 
Dorsal and Tentral aspects of female. 

Bolotype (female) on shde Kb. MI 120 &om Lyallpor, eir the Indian Common 
Sandgrouse (PterocUa exuatua erlangert Neum ), shot on 28-viii-I931. Paratypea: 
3 females (same data as above). <• 
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MeaturetnetUa {mm) 



Female (Holotype) 

Female (3) 

Head index (breadth i 
length) 

0 594 

0 660-0 668 

Body 

1 642x0-381 

1 698-1 680 X 0 373 0 426 

Head 

0 616x0 301 

0 606-0 633x0 333-0 346 

Fruthorax 

Ptero thorax 

0 079x0 198 ■) 

0 136 x 0 264 { 

0 201-0 228 X 0 293-0 333 

Abdomen 

0 912x0 381 

0 860-0 948 < 0 373-0 426 


This spooies closely resembles Syrrhajttoecvs dvgonus Waterston, but sufficient 
diffierence, however, exists in the size of the body, general chaetotaxy and other 
important details 

37. Syrrhaptoecus falcatus Waterston. 

1928 Syrrhapioectu feUcalua, Waieraton, Proe Zoot Soe , London, p 346, t f 2o-106 
Waterston recorded it from PterocUs aene^dUmia, Licht var onetUalxa ^ 

Two females and one male were obtained from the Indian Common Sandgrouse 
(PterocUa exrutua erlamen Neum ), shot in Ljallpur, 28-viii-1931 They dtifer from 
the typo in some minondetoils, viz , in bemg smaller and m having evenly parabolic 
forehead m the male and shghtly angulato m the female 


MeaauremenU {mm ) 



Female (2) 

Male (1) 

Head mdex 

0 77-0 86 

0 73 

Body 

2 066-2 106 x 0 460 

1 453 X 0 333 

Head 

0 466-0 403 x 0 360-0 373 

0 400x0 293 

Thorax 

0 333-0 340 x 0 333 

0 240 x 0 240 

Abdomen 

1 268 X 0 406 

0 813X0 333 


Waterston (1928) gave the measurements of female and male os 2 14-2 37 mm 
XO 61-0 68 mm and 1 43-1 69 mm XO 4-0 46 mm respectively, while head index 
aa 0 76-0 77 and 0 76-0 80 respectively 

38. Upuplcola melanophrys (Nitzsob). 

1866 Nirmua mdanophrya, I4itcsoh, m Qiebel, ZaU } get Nat , XXVHI, p 369 

It was originally described from the specimens taken from the European 
Hoopoe {Upupa epopa apopa Linn ) The present speounenB were obtained from the 
Indian Hoopoe {Upupa epopa orterUalta Stuart Baker), shot m Lyallpur, 19-ii-1928 
It has also been recorded from the African Hoopoe {Upupa epopa afrxeana), by 
Waterston (1914) and Bedford (1919) 


» PUrodet tentgateittit Lioht (name preoccupied) — P esnutut Temm (FBI, V, 271) 
There appears to be some diaoieponoy in Waterston’s record (1928), arthere seems to be no such 
Saodgrouee as P tmegalenata ortmUaha Hass from wiUun Indian region By P « onmtaUi 
Hass,, the author probably"means P. aatmua ortentalu Hartert (Stuart Baker, 1928, Faun 
Brit. Ind., V, p. 271) 
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MeoauremerUa (mm ) 



Female (4) 

Male (2) 

Body 

1 811-1 808 x 0 500-0 630 

1 719-1 830 x 0 466-0 488 

Head 

0 640-0 673 x 0 420-0 440 

0 403-0 630 X 0 400 


0 293-0 333 XO 300-0 400 

0 293-0 333x0 360-0 400 

Abdomen 

0 930-1 000 xO 600-0 630 

0 933-0 973 X 0 406-0 480 


Piaget (1880) gave the measurements of female and male as I 7 mm xO 48 mm 
and 1 6 mm X 0 46 mm respectively 


39. Keleiinlrmus fusca (Niizsoh). \ 

1842 Nitzaoh, m Denny, ^nop £rt<, p 118, pi 9, f 8 

This IS a long known spooies, recorded under different names, firom all over 
the~world, from numerous diurnal birds of prey (Acoipitres) Most of the hosts 
are known to occur withm Indian limits, viz , the Lesser Kestril (Cerchnexa naumanm, 
Fleisoh), the Booted Eagle {Hxeraeim pmnattxs, Omel), the Black Kite (Milvus 
mtgrana mxgmns, Bodd ), the Blaok-wmged Kite {Elanus coervleus, Desf), the 
Marsh-Harner (Circus a aerugttumis, Liiui), the Goshawk (Astur g genttlu), Lum ). 

The present specimens were obtained from the Indian Red-headed Merlm 
[Falco c chxqwra, Dauden), 4 1-1929 and 16-ui-1928, the White-eyed Buzzard Eagle 
(Buiastur teesa, Frankl), 26-ui-192«, 4-V.1928 and 14-vi-1929, and the Common 
Panah Kite (Mxlvus mxgrans govtnda Sykeei), 4-1-1929, 16-m-1930 and 16-iv-1930, 
all from Lyallpur 

Measuretnents (mm) 



Female (3) 

Male (2) 

Body 

1 892-2 109X0 400-0 573 

1 705-1 863 X 0 400-0 490 

Hmd 

0 648-0 600 X« 410-0 453 

0 493-0 680 X 0 360-0 400 

Thorax 

0 288-0 3330 400 O 480 

0 268-0 333 xO 380-0 428 

Abdomen 

0 960-1 200 xO 480 -0 673 

0 948-1 090 x 0 401-0 493 


Piaget (1880) gave the measurements of female and male os 17-18 mm X 
0 48 mm and 1 ^1 6 mm x0 43 mm respectively, while Kellogg’s (1896) female 
was 2 4 mm xO 62 mm 


40. Kelerlntrmus rufa (Nitzsch). 

1838 Ntrmut ntjus, Nitzscli, in Burmemter, Handbuch der Ent , II, p 430 

This species has been recorded from various Acoipitres, many of which also 
occur within Indian linuts, viz, the Eastern Peregnne Falcon (Falco peregnnuo 
eahdus, Lath), the Hobby (F t aubbuteo, Linn), the European Kestrel (Cerchneis 
t, tinnuncuius, Linn ), the Indian Crested Hawk Eagle (Spizaetus (» Ltmnaetopt) 
e drrhatus, Gmel), the Montagu’s Hamer {Circus pygargue, Lum), ^ Palo Hairier 
{Cireua macrourus, Gmel), the Hem Hamer (Circus cyaneus cyaneus, linn), the 
Harsh Harrier (Circus a acrugmosus, Lum.), the Desert Buzzard (BuUo vulpmus, 
Gloger), the Sparrow Hau^ (Accipiter nisus, Linn), otc. 
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The speoimena referred to below were obtained from the Lagger Falcon {Falco 
jyigger Gray), 29-m-1928, 6-1-1929 and ll-iv-1929, and the Hunalaytui Kestrel 
{Oerchtuts ttnnunevl'ua tntefstxnctiu, Mcdell), 19-iv-1936, both shot m Lyallpur 


Measurements (mm ) 



Female (2) 

Male (4) 

Body 

1 876-2 079 xO 440^ 660 

1 609-1 810 x 0 440-0 460 

Head 

0 680-0 673 XO 400-0 440 

0 463-0 606x0 306-0 370 

Thorax 

0 266-0 306 xO ,37.3-0 440 

0 266-0 280X0 320 

Abdomen 

1 080-1 200 xO 440-0 660 

0 880-1 020 xO 440-0 400 


Piaget (1880) gave the measurements of female and male as 1 9 mm xO 53 mm 
and 1 6 mm xO 46 mm respectively 


PalnjunirmuB, gen nov. 

This genua is distmgiushod from the other Pegoenelhdae by the shape of the 
head and abdomen, narrow marginal bands, absence of tergal plates, and male 
genitaha Head comoal, clypeal margins bordered with yellowish brown to black 
bands, olypeal signature entirely absent, internal band absent, trabeculae small, 
ntttTow, antennae filiform m both sexes, temporal margins rounded, sbghtly extended 
beyond the lateral olypeal margin, occipital band absent, occipital signature tri- 
angpilar but not sclerotic Cephalic band eonspionous Prothorax qimdrangular, 
pterothorax with strongly diverging sides and rounded posterior margin Abdomen 
elongated, with sub-parallel sides, not tapering posteriorly imtil after segments 
VII-Vin, last segment rounded posteriorly in male and bilobed in female, pleurites 
distmet, with re-entrant heads, tergal plates not distinct, chaetotaxy very scarce, 
female gemtal plate conspicuous on segment VII, with fine row of posterior hairs 
Male gemtaba characteristic as shown m figure 

The genus is erected to include species of the type usually referred to xnterrupto 
fasctatx Raget. Specimens of Paxnjuntrmus have been exammed from various 
Passerine genera 

Genotype —Patnjumrmus pengya sp nov (tade »n/ra) ex the Bengal Jungle 
Babbler i^urdoxdea ierrvxAot terrxcohr, Hodgs) ^ 

41 Palnjunlrmus pengya,^ sp nov 

Female (Text-fig 10a) yellowish white with distmct, narrow, deep yellow, 
lateral bands and margmal markings, median abdominal blotches well pigmented, 
body otherwise poorly sclerotised 

Head oomoal, shghtly longer than broad, olypeal front narrow, parabohc, 
angularly concave, one short hair at the anterior angle, one such on tne submargmal 
region, four hairs along the latero-frontal margin, olypeal band deep yellow-brown, 
fused with the ^ntonnal band which toms angularly inwards at antennal fossae, 
olypeal signature indistmot, mtemal bcuids not w^ marked trabeculae small, 
extending m length to the middle of the first antennal segment, antennae small, 
segment'll longest, I smaller than n but robust, III-V smallest and subequal; 


1 It has been pomted out that the Punjab fotm appears to be Turdotdss temeolor sindtanu* 
Tioehurst 1 retain tbe TuroHet I Ismcolor on the authority of Bombay Natural History 
Sccisiy who idenUfled friis spedaien (Jour Bombay Nat Hut Soo., 1937, XX^X, p 2) 

* ‘PSBgya-maina ’ in vetaaoular means the Bragal Jungle Babbler. 
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temporal margin about half the frontal region in length, well rounded, with a long 
hair and a seta towards the posterior angle, temporal band narrow but distmot, 
oooipital margm shghtly convex, bare, occipital sic^ture triangul^^ot well marked 
Eyes protruding, each with a sub-basal seta, ooi^r blotch not distmot, ocular band 
narrow, conspicuous 



a. Donal and vential ospeote of female, 6 Porsol and ventral oepeot* of molei 
0 Mole genital armature 


Prothorax narrow, quadrangular with shghtly rounded lateral margm; lateral 
band yellowish brown, distmot, a single hair m posterior lateral angle, posterior 
margm convex marginally and concave m the middle, bare, mter-ooxal plates 
well developed, sternal plate elongate, hexagonal, bare Meso- and metathoraoes 
completely fused mto pterothorax, trapezoidal, projecting laterally, posterior angles 
rounded with five long hairs, posterior margm convex with 3 submargmal hi^, 
marginal markmgs narrow, sternal plate bottle-shaped with two hairs m the centre, 
mtercoxal plates deeply pigmented, sclerotic L^s short, conooloroua with the 
body, mar^al markings shghtly darker, annular markmgs at the distal end of 
femoral and tibial segments 

A bdomen elongate, slender, sides sub-parallel, tapering, posteriorly to segments 
VIU-IX, segment I without and others with a single weak hair m postenor angles, 
3» 
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and 1 2 weak aubmarginal hairs posterior margin with one submedian hair segment 
Vm with one latero margmal hair in the middle and one m the posterior angle 
Posterior margm with 2 such hairs segment IX broadly rounded with angular 
emargination one fine seta set m each posterior angle segments I VII with distinct 
narrow lateral marginal band bternum with pale broad rectangular transverse 
blotohes on segments II-VIII segment IX uncoloured genital plate distmct on 
segment VIII with 3 4 peg hke spmos on each half 

Male (Text fig 106) similar to female but shorter abdominal segment VIII 
shorter and concave segment IX protruding rounded with fine posterior hairs 
gemtal armature (Text fig 10c) well developed short extending as far as segment 
VI parameres well developed narrow and run more or less parallel to each other 
median endomeral plate well developed with concave posterior margm 


Measurements (mm) 



Female 

(Holotype) 

hemale (7) 

Male (6) 

Body 

Head 

Frothorax 

Ptero thorax 
Abdomen 

1 848X0 672 

0 461x0 36- 
0 121X0 231 

0 176 x 0 801 

1 100 X 0 672 

1 720 1 88JX0 633-0 010 

0 420-0 466 x 0 147 0 373 

0 120-0 126 x 0 231 0 242 

0 171-0 184x( 280-0 347 

1 000 1 107 x 0 633-0 610 

1 431 1 617 x0 427-0 620 

0 400-0 444 x 0 293-0 373 

0 120-0 126x0 220-0 40 

0 140-0 181 x0 293-0 807 

0 780-0 866 x 0 427-0 620 


Uolotype (female) and Allotype (male) from Lyallpur 16 m 1933 ex the Bengal 
Jungle Babbler (Turdotdes t terrxcdor Hodgs) i mounted together on shdo 
No MI 067 Paratypes numerous females and males ex type host and the Common 
Babbler (Argya c caudata Dumont) shot in Lyallpur 

This small species of Piagets (1880) group inierruptofasetatt is alhed to 
DegeeneUa vuigatus (Kellogg) (New MaUopha^ II 1800 p 406) and other similar 
forms 

42 Painjunirmus vulgata (Kellc^g) 

1898 Nvrmus vuigatus Kellogg Pros Oalrf Aca Set (2) VI p 496 pi 67 f 6 

Kellogg (1896) and Kellogg and Chapman (1899) recorded it from a lumber 
of Passeriformes in U b A Waterston (1914) recordeid it from the Cape Sparrow 
(Passer melanurus) and the Red headed hmch (Amadtm erythrocephala) from South 
Africa The present specimens referred to were obtained from the White throated 
Muma (Urdoncha malabartca Linn) shot m Lyallpur 11 v 1928 and the Brown 
backed Indian Bobm (8axtcolo%des fvlvxUa cambaxensu I ath) shot in Lyallpur 
6 iz 1039 

MeasuremerUs (mm) 



Female (2) 

Body 

1 632-1 829x0 413-0 427 

Head 

0 444-0 460 xO 266-0 280 

Thorax 

0 239-0 266 x 0 293-0 333 

Abdomen 

0 800-0 948 x 0 413-0 427 


Kellogg (1896) gave its measurement as 1 62 mm xO 41 mm 


See foot note 1 on page 33 
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43. Palnjuolrmus Iliad (Denny) 


1842, iJ%rmu» tltcun, Denny, Anop Brtt , p 130, pi 9, f 4 
Donny (1842) described this species from the Rose-oolonrwfTSlarling {Poitor 
roams, Linn) from England, and also from the Bed Wing (Turdua %lwcua) Nu¬ 
merous specimens of the MaUophaga referred to this species wore obtamed from the 
Rosy Pastor (Pastor roaeits, Linn ), 1932-1936, the Blackheadod Mayna (Temenuchua 
pagodarum, Gmel, ll-v-1928, the Common Mayna (Acrtdotherea tr%at%8 tr\atts, Linn ), 
9-1V-1931, and the Bank Mayna (Acrtdotkerea gxngtmarms, Lath) 29-ui-1930, 
shot m Lyallpur 

Measuramenta (mm) 


Female 

Rosy Pastor 

Black headed 

Common 

Body 

1 813-1 640 X 0 386-0 400 

1 613x0 360 

2 346 x 0 466 

Head 

0414X0 280 

0 414x0 266 

0 427x0 320 

Thorax 

0 230-0 266 X 0 266-0 288 

0 250x0 266 

0 253x0 320 

Abdomen 

0 960 x 0 386-0 400 

0 946x0 360 

1 066x0 466 


Male 

Roqt Pastor 

Bank Mayna 

Common Mayna 

Body 

1 546x0 400 

1 470 x 0 347 

1 439 x 0 400 

Head 

0 400 x 0 280 

0 400 x 0 266 

0 373x0 280 

Thorax 

0 239 xO 203 

0 213x0 266 

0 263 xO 266 

Abdomen 

0 906 x 0 400 

0 866x0 347 

0 813 X 0 400 


Denny (1842) gave its length as }"', i e I 906 nun 


44. Palnjunirmus cyclothorax (Nitzsch). 

1838 Ntrmua cydotlMrax, Nitzsch, in Burmoister, Handbuch der Enl,, 11, p 420 
This species was first described from the Tree Sparrow (Passer montarma, Linn ) 
from Europe and the House Sparrow (Passer domesttcvs Linn) and the Brambhng 
(FnngtUa mont\fr\ngiOa, Linn) All the three birds also occur within Indian 
limits My specimens were obtamed from the Indian Yellow-throated Sparrow 
(Oymtiorxs x xanthocollw, Burt), 13-vi-1933, the Indian House sparrow (Passer 
domestrcua tndutus Jard & Selby ), ll-iv-1931, and the Indian Pipit (ArUhua rtchard% 
rufidua Vieill), 20-iu-1928, all ^ot in Lyallpur 


Measurements (mm) 



Female (8) 

Male (1) 

Body 

1600-1663 x0 807-0 400 

1 364 x 0 830 

Head 

0 860-0 413 x 0 263-9 280 

0 364 x 0 247 

Thorax 

0 247-0 867 x0 263-0 307 

0 200 x 0 268 

Abdomen 

0 898-1000 x 0 307-0 400 

0 800 X 0 888 
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Denny (1842) gave the length as J'", i e 1 906 mm , while Piaget (1880) gave it 
as 4/7 , i e 1 46 mm 


45. Bnielia ( = Degeeriella) vaiia (Nitzsch). 

1888 Ntrmvt vanua, Nitzmh, in Burmoistor, Handhuch der Bnt , II, p 430 

It IS a famibar parasite of crows and has lieen reported from all over the world 
Kellogg and Fame (1914) recorded it from the Raven (Corvus corax Linn) from 
Yarkand and Gilgit, the Eastern Rook (C frugtlegua Linn) from Gilgit and Herat, 
the .Jackdaw (C monedvla Linn) from Yarkand and Gilgit, and the Magpie {Ptca 
rusttca Elanf) from Gilgit and Ladak 

My specimens wore obtained from the Punjab Raven (Corvus corax laurencet 
Hume), the Eastern Rook (Corvus frugtlegus tschusxx Hartert), 21 n-1929 and the 
Common Indian House Crow (Corvus s aplendens Vieill), 1928 1929, all from 
Lyallpur 

Measurements (mm) 



Femalo (3) 

Male (3) 

Body 

1 692-1 933 X 9 66(M» 666 ' 

1 463-1 662 x 0 806-0 673 

Head 

6 463-0 660 X 0 440-0 493 

0 440-0 480 x 0 401-0 460 

Thorax 

0 306-0 360 X 0 466-0 633 

0 280-0 333 XO 440-0 460 

Abdomen 

0 920-1 013 xO 060-0 666 

0 693-0 893 x 0 606-0 673 


Piaget (1880) gave the measurements of female and male as 1 6 mm X 0 54 mm 
and 1 3 mm x 0 62 mm respectively 


40 Bruelid ( = Degeeriella) tnunda (Nitzsoh). 

1886 Ntrmua munJiu, Nitzeoh, in Qiobel, Ztet f get Nat , XXVIII, p 368 

This species was described from the European Golden Oriole (Onolua o orvUus 
Lmn ) which is a migrant into North-Western India m winter Several immature 
specimens of this species were obtained from the Indian Golden Oriole (Ortohu o 
kundoo Sykes), shot m Lyallpur, 6-vu-l928, and the Indian Bush Chat (Saxxoda 
torquata %nd%ca Blyth), shot m Lyallpur, 6-vin-1939 Piaget’s specimens were 
, 1 e 1 27 mm long 


47 Bruella ( Degeeriella) marglnalfis (Nitzsoh) 

1988 Ntrmus margmalu. Nitzaoh, in Burmoister, Handbuch der Ent , II, p 131, f 37 

It was described ex the Field Flare (ArceuUxomts jnlarxs Linn) from Europe 
Kellogg and Fame (1914) reoorded it from DendroctUa r riifa. Lath, DendroexUa 
sinensis htmalayensis Blyth, and UrocMsa mdlanocephala occipitalis, Blyth , all 
from India. 

The present speoimmis were obtained from the Indian Red-biUed Blue Magpie 
(VroDtssa eryOirorhyncha occipitalis, Blyth), shot in Lyallpur, 16-ix-1928, the YeUow- 
biUed Mc^ie (Urooissaf flavirostris, Blytii), shot m Kuln, 6-iv-1939, and the Simla 
Streaked Laughing Inrush (TrocAoJopleron hneatum grtsescenUor, Hart), shot m Kulu, 
li-iv-1934 and 0-x-l{139i 
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Meaturements (mm) 



Female (1) 

- ■■ 

Male (1) 

Body 

1648 x0 430 

1 126x0 422 

Head 

0 422 x 0 309 , 

0 380 x 0 338 

Thorax 

0 239 x 0 380 < 

0 211X0 309 

Abdomen 

0 887 x 0 436 j 

0 536 X 0 422 


Piaget (1880) gave the meagurementa of female and male as 1 3-1 36 mm X 
0 48 mm and 1 0-1 1 mm X 0 44 mm respectively 

48 Bruelia ( = Degeerlella) mylophoneae (Clay) 

1936 DegeeruUa mytophoneae. Clay, Proc Zool Soo, London, p 911 

This species was described from the specimens taken off the Himalayan Whisthng 
Thrush {Myophonua coeraU.ua temmtnckw Vigors), shot m Kashmir I obtained 
only one mutilated specimen from the type-host in Kulu, lO-vi-1939 

49 Bruelia ( » Degeerlella), sp 

Several immature specimens were collected from the Pied Chat {penanthe 
ptcaia Blyth ), shot in Lyallpur, 9-xu-1930 


Tralhoriella, gen. nov 

This genus is proposed to accommodate the species described below from 
MegaHavma vtrena marahallorum Swinh Tho species may be distmguished from 
other Degeertella by the shape of its head, pterothorax, pleural plates and male 
genitaba The description of the type species is given below 

Genotype — Trathor%dla punjc^nata sp nov , vide \nfra, ex tho Hunalayan 
Great Barbet (Megalatma vtrena marahcdlorum Swmh ) 

60 Tralhoriella punjabenBls, sp nov 

Femak (Text-fig 11a) yellowish white with pale yellow to golden yellow body 
markings 

Head more or less equilatero-triangular m shape, clypeal front shallow, concave, 
uncoloured, two inoonspic^us hairs on the anterior angle, one a short distance 
behind, clyjieal band deep fwllow, slightly brown anteriorly, clypeal suture entirely 
absent, clypeal signature mdistinot or absent, antennal band darker, short, not 
rumiing beyond antennal fossa, trabeculae short, but well developed, antenna short, 
concolorous with the body, temporal lobes flatly roimded, not swollen, posterior 
angles with two long hairs, a short hair between the eye and the posterior angle 
and one such hair m the base of the eye, temporal bancis narrow, not very conspi¬ 
cuous, eyes small, not conspicuous, oooipital margm almost straight, bare, occipital 
band absent, occipital signature shield-s^ped, yellowish, mtemal band well formed 

Prothorax rectangular with distinct jMle yellow lateral border, re-entrant head 
showmg through the occipital margm, sternum narrow, mterooxal plate well-formed, 
highly pigmented Meso- and metatiiorax fused to form pterothorax, pterothorax 
strongly projecting laterally, lateral bwders distmct with squat re-entrant heads, 
latero-posterior angle rounded with two long hairt; posterior margin angulated 
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With 6 long hairs along the projecting latero-postenor margin, mterooxal blotoh well 
pigmented, sternal plates narrow Legs short with distmot outer bands. 



Text pio 11 TrathontUa pun^ahcnaia, ep nov 
a DoibbI and ventral aspects of female, b Dorsal and ventral aspects of abdomen of male, 
o Male geiutal armaturo 

Abdomen narrow anteriorly, wider posteriorly to segment VI, tergal plates 
not distmot, pleural plates absent, marginal bands distinct with re entrant heads 
oonspicuously showing through in the preceding segment, chaototaxy very scarce 
Venter with distinctly coloured median area, genital plate distinct on the VII seg. 
ment Last segment bilobed 

Male, (Text-fig 116) mutilated, similar to female, shorter, the abdomen oval, 
last abdommal segment entire, rounded with small margmal hairs Qemtaha as 
shown m text-fig 11c ^ 

Meaeuremmta {mm ) 



Female 

(Holotype) 

Female (2) 

Body 

1 839 x 0 613 

1760-1 786x0 626 

Head 

0 480 x 0 466 

0 486 x 0 483-0 466 

Prothorax 

0 133x0 208 

0-093-0 120 xO 283-0 266 

Pterothorax , 

0 186X0 453 

0 200-0 201 XO 400-0 426 

Abdomen 

1040x0-ei8 

I 000 XO'626 
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Hdotype (female) mounted on sbde No. MI 082 AUotype (male) imeerred in 
alcohol Parapet 2 females on slide and 3 females m spirit All from Kuln, 
16 - 1 X- 1928 , ex the Himalayan Great Barbet (Megalatma viren^imBihaUonm Swinh ) 

V UPEtJRIDAE 

51 Guclotogaster ( = Galllpenrus) heterographua (Nit^soh) 

1866 Lxpeurua heterographua, Nitzsrh. m Giobel, jCeil / gea , Hat , XXVIII, p 381 

This 18 a long known species of boo infesting domestio fowl (OaUua g domesltcru 
Linn ) all over the world My speoimens were obtained from the Common Domestic 
Fowl (OaUua g domeatxcua Linn ), the Northern Chnkor (Alectona graeca paUeacena, 
Hume), shot m Hoshiarpur, 14-vii-1928, and Kulu, 9-X-1939, and the Common Panah 
Kite (Mtlvus mtgrana govtnda Sykes) shot m Lyallpur, 2i-v-1932 On the latter 
bird the parasite is probably a straggler and appears to have been transferred fixing 
a Galhnaoeous bird, probably chicken, on which it preyed pnor to havmg been shot 


Measurements (mm) 



Fomale (16) 

Male (6) 

Body 

1 058-2149 x 0 669-0 693 1 

1 802-2 093x0 606-0 660 

Hood 

0 600-4)626 x 0 400-0 618 j 

0 62CM) 600 x 0 403 

Thorax 

0 286-0 833 x 0 400-0 493 ! 

0 300-0 400 x 0 440-0 490 

Abdomen 

1066-1 200 x 0 666-0 693 ! 

1066-1-093 x 0 606-0 690 


Piaget (1880) gave the measurements of female and male as 1 86 mm xO 68 mm 
and 1 7-1 8 mm X 0 6 mm respectively 

62 Lipeurus pavo Clay. 

1938 Lipeurua pavo, Clay, Proe Zool Soe London (B), CVIII, p 128 

Clay’s (1938) speoimens were taken off the Common Pea Fowl (Pavo cnatatua 
Linn ) i^m Nepal and Yorkshire My speoimens were obtained fi-om the type-host 
(Pavo cnatatua Linn ), shot m Hoshiarpur and Atari (near Lahore) 


Measurements (mm ) 



Female (3) 

Male (3) 

Body 

2 783-2 746 x 0 422-4)461 

2 381-2 409 x 0 338-0 866 

Hoad 

0 634-0 704 X 0 362-0-408 

0 683M) 608 XO 296-0 309 

Thorax . 

0 408-0 422 x 0 324-0 381 

0 324-0 381x0 281-0 324 

Abdomen 

1 619-1 691x0 422-0 461 

1437-1 479 x 0 838-0 866 


53 Lipeurus ceponis (Linn ). 

1768 Peduiuiua eapoma, Linnaeus, Syat Nat, p 614. 

This oosmopoUtan species has been recognised under various varietal names 
aooorduig to the host am geographical area. These varieties are entaiely based 
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upon siie, intensity and presence or absence of body markings and sbght vanations 
fr ”**^^**^ t ^ retain the speoifio name only It has been recorded 

and Paine (1914) recorded it from India on Oennaeua melanotus, Q amrthoe, Arffus^ 
nus argw, Phastanua torqmta and Pavo ntgnpenms The specimens in my collection 
were obtained from the Domestic Fowl {Galhia g domesttcua Linn) 

64 Llpeurus tropicalls Peters 
1831 Ltpeurus tropKolta, PeteTs, Knt Newt, XLII, p 196, f 1,2 

Peters (1931) described it from domestic fowls in Bahama Islands, Caicos Islands, 
Venezuela and Liberia Ho also recorded it from five species of wild giunea fowls 
m Africa Bedford (1932) recorded a male from domestic fowl in Onderstepoort 
(South Africa) My specimens were taken off the domestic fowl {Black Minorca) 
at LyaUpur, 9-ii-1936, and were markedly longer than Peters’ specimens, especially 
the males. 

Meaauremcnta {mm) 



Female (1) 

Male (I) 

Body 

3 36X0 86 

SUxOOi 

Head 

0 80 x 0 63 

0 82x0 53 

Thorax 

0 66x0 50 

0 61x0 66 

Abdomen 

2 00x0 86 

2-01x0 61 


Peters (1931) gave the measurements of female and male as 3 264 ram X 
0 837 mm and 31^ mm xO 637 mm ros|X)ctively 

66 Llpeurus clnereus Nitzsch 
1874 Lipeurut ctnereut, NitzscU, m Oiebel, /tit Hpiz , p 221 

This species was first obtained from Perdtx columix My specimens were 
obtamed from the Common Grey Quail {CcAumix c coturnix, Linn ), shot in Lj allpur, 
28-1-1928, and differ from Piagi't’s figure in some important particulars, viz , the 
shape of the head, and the last abdommal segment of the male The shajK) of the 
head m this case resembles Ltpeurus untcolor Piaget {Pedtcvltnea, p 354, pi 28, 
f. 8), while the last abdominal segment in male is entire and furnished with four 
long hairs In other particulars the present examples agree well The species 
may be recognised by its pomted head with dark-brown bands, body with dark- 
black lateral bands on thorax and abdomen, and by its yellowwh ground colour 
and yellowish brown transverse blotches 


Measurements {mm) 



Female (4) 

Male (3) 

Body 

1 692-1 900 x 0 383-0 806 

1 478-1 666 x 0 293-0 338 

Head 

0 606-0 660 x 0 320-0 346 

0 466-0 606 X 0 266-0-293 

Thorax 

0 226-0 280 xO 240-0 320 

0 226-0 266 xO 226-0 266 

Abdbmen « 

. 0 933-1066 x 0 833-0 508 

0 786-0 946 x 0 203-0 333 
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Piaget (1880) gave the meaaarementfl of female and male aa 1 8 mm x 0 52 mm 
and 1 5 mm.xOSl mm respectively 

56 Llpeunia caponls rar delta Piaget 
1880 Ltpeurut eaponu VBX deita, Le» Pedtouhnet, p 366, pi 29, f 6 

Piaget (1880) described it from FraneoUnua capenatt One male was obtained 
by me from the Indian Black Partridge (FraneoUnua f aatae Bonap ) shot in Lyallpur, 
12-X1-1033 It differs from delta Ragetw mmor details, such as the presence 
of a long hair behind the eyes, two long hairs on the temporal margm of the head, 
abdomen with two longitudmal submedian rows of hairs, each segment bemg fur¬ 
nished with four mediem hairs and one marginal hair It stands midway between 
L caponta fonnoaanua Sugimoto (Rept Dept Agr%c , Formoaa, XLIII, 1926, p 63, 
pi 6, f 4, 6) and L xntroductua KeUogg (Proc Caltf Acad Set , (2) VI. (1896), p 600, 
pi 68, f 1.6). 

Meaaurementa (mm) 



Male 

Body 

I 646 xO 400 

Head 

0 400 X 0 306 

Thorax 

0 280 x 0 333 

Abdomon 

0 800 XO 400 


Piaget (1880) gave the measurements of female as 1 76 mm xO 30 mm 


VI OOMODIDAB 
57 Goniodes minor Piaget 
1880 Qontodea mvnor, Piaget, Lu Pedxwlvna, p 266, pi 21, f 3 

This parasite of doves and pigeons has been recorded from most parts of the 
world The following recorded hosts of it are also found withm Indian hmits 
Cdumba Itvta Itvxa Gmel, the Burmese Spotted Dove (Strepiopelta chtnenata iigrtna, 
Tomm ) and Ring Dove (Streptopeha d deeaocta, Fnvalszky) My specimens were 
obtamed from the Indian Spotted Dove {Strepiopelta chtnenata auratenats, Gmel) 
and the Indian Ring Dove (Strepiopelta d deeaocta, Frival), both shot in Lyallpur, 
23-111-1929 and 14-V-1928 respectively 

Meaaurementa (mm ) 



Female (3) 

Hale (1) 

Body 

1 746-1 863 x 0 666-0 733 

1 392 x 0 606 

Hood 

0 638 x0 600-0 626 

0 426x0 493 

Thorax 

0 280-0 820 x0 426-0 466 

0 240 x 0 360 

Abdomen 

0 933-1000 x0 666-0 783 

0 726 x 0 606 


Piaget (1880) gave the measurements of female and male as 1 7 mm xO-73 mm. 
and 1*46 mm xO 66 mm reepeotively. 
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58 Gonlodea pavonls (Lann ) 

1788 Pedvniua paoonu Linnaeus 8ytt Nat p 613 

This 18 one of the beat kno'wn Oontodea and has been recorded &om the Common 
Pea Fowl (Pat;o crtstatue) from all over the world Numerous specimens were 
obtamedby me from the Common Pea Fowl shot m Hoshiarpur 14 v 1928 Amritsar 
9 X 1935 and Attari (near Lahore) 9 vi 1935 


Measurements {mm) 



Female (7) 

Male (4) 

Body 

3 506-3 799 x 1 600 2 100 

3 066 3 266 X1 86 

Head 

0 840-0 933 X X 200 1 240 

0 80 ) 0 866 X 1 04-1 06 

Thorax 

0 866-0 933 x 0 800 1 026 

0 86 V-0 933 X 1 066 

Abdomen 

1 800 1 933 X 1 600-2 100 

1 333 1 e33 X 1 86 


Piaget (1880) gave the measurements of female and male as 3 3 mm x 1 8 mm 
and 3 05 mm x 1 74 mm respectively 


59 Goniodes dlssimiUs Nitzsch 

1818 Oontodes dutimilui N tzsch Verm Mag III p 294 

This species has been recorded from all parts of the world on OaUus domestveus 
0 furcaius 0 baninm It is evidently rare in the Punjab as only four females 
were taken by me off the Domestic Fowl (Black Mtnorca) at Gurdaspur 3 vii 1934 


Measurements (mm) 



FemaTe (1) 

Body 

2 69X161 

Head 

0 90x1 13 

Thorax 

0 61 xO 78 

Abd men 

1 18X1 61 


Piaget (1880) and Sugimoto (1929) gave th< measurement of female as 2 6 
mm X1 36 mm and 2 8 mm x 0 86 mm respectively 

60 Goniodes brevlantennatus Piaget 
1886 Gontodes brevumtennatua Fiaget Let Pedtcuhnet Suppl p 60 pi 6 f 8 

The type host of this species is the Chukor (Aheions graeca chukor Grey) The 
specimens m my collection were obtamed from the type host shot m Kulu and 
Hoshiarpur 12 vi 1938 and 14 vu 1928 respectively They agree well with Piaget s 
figure m general shape and scriptural markings on the abdomen but differ m three 
particulars, viz , the shape of the pterothorax thoracic hsuis and size The ptero 
thmrax in these examples is obtuse^ ang^ulate on the abdomen with a series of long 
hidrs on postericw margin, ’the dors^ surface of the abdomen is medially beset with 
hairs Piaget s figure does not show these details 
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MeaewrtmemU {mm) 



Female (3) 

. 

Male (1) 

Body 

2 366-2 403x1068-1 126 

1 661x0 015 

Head 

0 718-0 803 X 0 643-1 000 

0 606x0 803 

Thorax 

0 338-0 437 xO-704-0 705 

0-258 x 0 577 

Abdomen 

1 141-1 300x1008-1 126 

0 803 x 0 015 


Piaget (1885) gave the measuremento of female and male as 3 5 mm X1 64 mm 
and 2 5 mm X1 26 mm. respectively 


61 Goniodes asterocephalus (Nitzsoh) 

1874 Oonioeotes cuteroeephaliu, Nittsoh, m Oiebel, Jnt Spt^ , p 182, pi 13, f 3 4 

This species was first described from specimens obtained from the Common 
Grey Quail (Ct^umtx c cotumtx Linn) Since then it has been recorded on the 
type-host from most parts of the Old World My specimens were obtained from the 
Common Indian Grey Quad (G c coturntx Linn), shot m Lyallpur, 14-vu-1927 

Measurements (mm) 



Female (5) 

M^e (1) 

Body 

2 364-2 663 x 0 601-0 846 

2 051x0 606 

Hoad 

0 601-0 634x0 663-0 606 

0 635 x 0 591 

Thorax 

0 338-0 381 xO 437-0 490 

0 290x0 486 

Abdomen 

1 426-1 649 x 0 501-0 845 

1 126x0 605 


Piaget (1880) gave the measorements of female as 2 9 mm XO 8 mm, while 
Tascbenborg (1882) gave it as 306 mm Xl 08 mm His male was 2 21 mm x 
0 76 mm 


62 Paragonlocotes, spp 

I obtained one immature specimen from the Indian Rose-ringed Paroquet 
(PsxUacvla kramert mamUensts, Bechst.), 2>u-1928, and one immature specimen 
from the Egyptian White-breasted Kmg-fisher (Halcyon s smymenns, lairn), 17-u- 
1028, both shot m Lyallpur 


63 Gonlocotes bidentatus (Soopoli). 

1768. PetUoulu* btdsniatus, Soopoli, Bnt cam , p 385 

This famihar spedes, has be«i recorded from America, Europe, Africa and 
Asia on various pigeons and doves Several immature specimens were obtained 
from the Indian Blue Book Plgecm (Col%mba Uma intarmedM Stnck) and the Indian 
Ring Dove (Streptopeha d. deoaoda, Erival), both shot in Lyallpur, 22-iii-1929 and 
lO-u-1936 respectively 
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(immature) 


Body 

Head 

Ttiorax 


1 226x0 461 
0 3^8x0 36# 
0 100x0 196 
0 718x0 416 


Piaget (1880), Kellogg (1896) and Sugimoto (1929) gave the meaeurements of 
female as 1 4 mm xO 55 mm , 1 06 mm xO48 mm and 1 3-1 6 mm xO 66 mm 
respectively 

64 Gonlocotes rectangulatus Nitzsoh 
1818 Qontoooiea rtctangidatua, NitzacA, Germ Mag , III, p 294 
This species was first recorded from Pavo cntlatua, Pavo sptetferus and Numuia 
meleagtes My speoimens were taken off the Common Pea Fowl {Pavo crMtatus 
Linn ), shot m Hoshiarpur, 14-V-1928 


Meaauremenia (mm) 



Female (3) 

Body 

10B4-1 168x0 465-9 493 

Head 

0 324-0 394 x 0 498-9 436 

Thorax 

0 197-0 211x0 324-9 366 

Abdomen 

0 663 x 0 466-9 493 


Piaget (1880) gave the measurements of female and male as 1 06 mm X 0 52 mm 
and 0 8 mm X 0 46 mm respectively 

66 Conlocotes hologaster Nitzsch 
1818 Gontocota hologofter, HitxMh, Germ Mag, 111, p 294 

This famQiar species has been recorded, from practically all over the world, 
on the fowls (GfaUus domestKus Lum and others) Piaget (1880) also recorded it 
from QaUm banktva Tern, Ortyx vtrgvntanua and Euplocamua cuvten Bedford 
(1932) recorded it from the Bush Partridge (Dendroperdtx (= Francolvnvs) sephaena), 
Numtda papxllua transvaaienms and PkmxHts eaatanetvenUr krebat, all ^m Afinca 
Numerous specimens were taken by me from the type-host {QuUua g domeattcua 

Tiinn ) 

dfeosurmente (mm) 



Female (6) 

Male (4) 

Body 

1-22&-1 888 x0 668-0 704 

0 816-0 886 x 0 422-0 480 

Head 

0 363-O-8B4X0 i88-0-46«. 

0 266-0 300 X 0 300-0 362 

Thorax 

0 226-0 282 x0 862-0 880 

0 141-0 183 x 0 268-0 297 

Abdomen 

0086-0 704 x0 668-0 704 

0 866-0 408 x 0 422-0 460 
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Piaget (1880), Mjdberg (1910) and Sogimoto (1929) gave the measurements of 
female as 1 3 mm xO 66 mm , 1 3376 mm xO 626 mm and I 3-1 6 mm xO 66- 
0 88 mm respectively, while m^e of Piaget (1880) and Sugimot^^g29) was 0 8-0 9 
mm xU6 mm only 


66 Goniocotes ( ? Gonlodes) gidas Taschenberg 

1869 OonuKoUi gyjat, Taaohonberg. ZeU / get Nat , LII, p 104, pi 1, f 10 
It has been recorded from all over the world from the Domestic Fowl (QaUua 
domesttcuB Linn) Bedford (1932) took it from Numtda eoremata, N pap%Uu« and 
N p tranavoaUnais My specimens were collected from the Domestic Fowl (OaiSlua 
g domeatxcua Linn) 

Measwrementa {mm) 



Female (8) 

Mala (6) 

Body 

2 960-4 016x1 370-1 840 

2 676-3 280x1 366-1 600 

Head 

0 846-1090x1000-1 200 

0 846-0 910x0 873-1 100 

Thorax 

0 636-0 660 XO 732-0 970 

0 564-0 680 X 0 774-0 910 

Abdomen 

1 470-2 366x1 370-1 840 

1 ^67-1 790 X1 366-1 800 


Piaget (1880) and Taschenberg (1882) gave the measurements of female as 3 3 
mm X1 6 mm and 4 05 mm x2 07 mm , while of male as 2 9 mm x 1 6 mm and 
3 33 mm x 1 96 mm respectively. 

67 Goniocotes alatus Piaget 
1886 QonvKoies alatits, Piaget, Lea Pedvsulmee, 8uppl, p 45, pi 5, f 4 

Piaget (1886) obtained it from the Chukor (Perdtx (= Caccabta) chuhor) I 
collected one female from the Northern Chukor {Alectona graeca paUescena, Hume), 
shot in Hoshiarpur, 9-X-1939 

MeoBurementa (mm ) 



Female 

Body ' 

1K)84 X 0 498 

Head 

0 324 x0 422 

Thorax 

0 243 x0 362 

Abdomen 

0 617 X0 493 


Piaget (1886) gave the measurements of female as 1 5 mm x 0 63 mm 
68. Goniocotes Jlruftl,^ sp nov 

Female (Text-fig 12a) small, head subpentagonal, prothorax narrow; ptero- 
thorax acutely angulate posteriorly, medley overlapping the first abdominal 
segment; abdomen similar to Ooniocotea heiogaaUr with simple markings 


> ‘Jinifti’ m vernacular means the Indian Block Fartndge. 






nwaSTINO BIHDS tN *H« PTOJAB (WDU) 


Head somewhat hexagonal, usnally longer than broad, sometimes shghtly 
wider than long, front br<^, convex, with ten short hairs distributed as m 0 
hologasUr, ol 3 rpeal band deep yellow, narrow, ending posteriorly mto a big antennal 
blotch, trabeculae small, blunt and immovable, antennae normal, eyes not pro¬ 
truding, flatly rounded, bearing small hair at the base, ocular blotch deep yellow, 
temporal margm straight with a small hair and two long hairs at the pointed anterior 
angle, margu^ band narrow, not very distmot but near the eye, posterior margm 
concave m the middle with obtuse angles at each end of concavity, bare, occipital 
band smuous, dark yellow to brown 



Tbxt no 12 Ovnwcotet sp nov 

a Dorsal and ventral aspects of female, ft Dorsal and ventral aspects of thorax and abdomen 
of loue, 0 Antenna of male, d Male genital armature 

Prothorax narrow, short, trapezoidal, with anteriorly converging lateral 
margins, posterior ancle slightly produced, acute, bearing a long hair, posterior 
margin straight, slightly concave m the middle, bare, meso- and metathorax fused, 
pterothorax with blunt lateral angles, beanng 2 long hairs, posterior margm acutely 
mignlate on the flrst abdominal segment, bare, excej^ two long hairs near the lateral 
ang^. 
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Abdomen broadly eUiptioal, aegmente subeqnal, marginal band mdutmot, 
mteraegmcntal banda at the pleural re-entrant he^, deep yellow, narrow, trans¬ 
versal bands absent, sternal blotches absent, chaetotaxy soarp^^^gOgpient II-VTII 
with 1-3 long, finely pointed hairs on the shghtly projecting angles, segments lU-V 
with one snbmargmal hair at the ourved lateral band, dorsum bare, ventrnm with 
marginal hairs on segments II-VIII, last segment angularly emarginate with short 
hairs 

Male (Text-fig 126) similar to female, abdomen rather roimded, last segment 
truncate and globular, posterior margm with tuft of hairs Gemtal armature 
(Text fig 12<i) distmct, with narrow feebly chitinised basal plate, parameres short, 
median endomeral plate shghtly broad, ooncavo posteriorly, penis elongated, 
enclosed m a tube with an aperture at its tip 


Meaaurementa {mm ) 



Female 

(Holotype) 

Female (3) 

Male (3) 

Body 1 

Head 

Prothorax 

Ptorotliorax 

Abdomen 

1 108X0 493 

0 350 x 0 333 

0 066x0 200 

0 103 x 0 260 

0 600 x 0 493 

0 909-1 106 x 0 460-0 493 

0 348-0 380 xO 333-0 388 

0 040-0 066 X 0 160-0 200 

0 080-0 120 xO 240-0 280 

0 633-0 686 y 0 460-0 493 j 

0 666-0 879 x 0 320-0 360 

0 253-0 206 X 0 280-0 203 

0 040 X 0 120-0 143 

0 080-0 093 x 0 213 

0 293-0 306 X 0 320-0 360 


Holotype (female) and Allotype (male) from Lyallpur, 14-viu-1928, ex the Indian 
Black Partridge (Francohnue JraiuxAxnus asxae Bonap) both mounted together 
onshdoNo MI 157 Paratypes 3 females and 2 males in spirit (same data as above) 

SUMMABT 

An account of sixty five species of Iscbnoccron Mallophaga, belonging to thirty two genera, 
IS given This includes the description and figures of tlireo new genera, viz , P%coph%loptenia, 
1‘atr^un‘irmua and TrathoneUa and twelve new species, viz , Ardetcola gaxbagla from the Cattle 
Egret {Bubulcua tbu coromandMt Bodd), Aegypoeout gr^JJoneae from the Himalayan Griffon 
Vulture (Qypa hvnalayenats Hume), Echtnophxloptenu Ma from the Bone ringed Paroquet 
{PsMacula kramen mantlUnna Bechst), Ptcophtlomeru* tuHola from the Himalayan Sody- 
bellied Woodpecker (Pteus a sqaamatna Vigors), Ptnmvrmua raj* from the Indian Yellow- 
throated Sparrow (Q^noru x xanthoccUu, Burt), Pnttacomrmua chandabam from the Large 
Parrot {PaUtacula ettpatna nepalenaxa Hodge), PatUacon*rmaa lybarMa from the Indian Kose- 
ringed Paroquet {PatUacula kmmert tncmxllenaxa Bechst), Quadracapa kekra from the OullbiUed 
Tern {Oelochdtdon n ntlottca Gmei), Syrrhaptotoua amahuatnM from the Indian Sand Grouse 
{PtarocUa axuatua arlanger* Neum ), PaMyunirmaa pangya from the Bengal Jungle Babbler 
{Turdotdaa t tamaAor Hodgs ), TraihorxeUa punjcd>anata from the Himalayan Great Barbet 
{Magoiatma mrens marahaU^rwn Swmh ) and Oanwcotaa jtrufh from the Indian Black Partridge 
(Franeohnuaf aaute Bonap ) About fifty species have bwn recorded for the first time from the 
Punjab A tew of the recorded species differ from the description and figures of previoos works 
m certain morphotogioal details and size smd seem well differentiated to warrant their being 
treated as varieties, but os typo specimens were not available, no attempt has been made to alter 
their existing status 
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ON SOME NEW KERNELS AND FUNCTIONS SELP-RECIPROCAL IN 
THE HANKEL TRANSFORM 
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§1 Introduction 

Adopting the usual notation of Hardy and Titehmarsh a function/(a*) is said 
to be Rf if it IS self-reciprocal in the Hankel Transform of order v, i o , 


Starting with an Rv function a number of theorems have been given from time 
to time for findmg another Rv lum tion with the help of some keniol or other 

The object of this paper is to discover some new kernels by usmg Hardy’s 
formula (1936) 


gix) - J* Pi(y) Pi(xy) dy 


where Pi{a!) and P 2 (x) are two Founer kernels 

The mam results are stated m the form of three theorems The importance 
of these theorems hes m the fact that they are useful m identifying the nature of 
the resultant of two kernels, as transfonnmg a self-reciprocal function of a known 
order to another of a different order 

The theorems have been discussed m §2-§4 Only the proof of Theorem (1) is 
given m detail The other two theorems can be proved similarly 

Finally, m §6-§7, I have used the kernels of §§2-4 to mvestigate certam new 
self-reciprocal functions 

§2 Theorem 1. 

TheretuUatU, 


f PMPt[^)dy, 
J 0 


of two kernels of the form (Titehmarsh, 1937) 


,C+<«0 
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where, 0<c<l, 0<c'<l 

and X(«)=X(1-*). <«>|«) = <*)(!-«) 

W a kernel transforming R/i to Rp and vice versa 

Ill order to prove this consider the two kernels (2 1) and (2 2) 

The resultant is, 

= Si __ 2T(l+i+l)r{i+|+i)„M* -r '* 

provided the ihange in the order of integration is permissible 

Now, applymg Mellm’s Inversion formula to (2 1) and changmg s to (1—«) m 
it, we get 

?.(»)»■-^!-r(?+i-|)r(i+|+i)*(i-.) 


Therefore, from (2 3) 



X{l-8)x-‘d8 

where 

M = r(l+i+0r(|+i-i)»(.)x(i-.) 

Smee, 0(s) = 0(1—s) we have that K<,x) is a kernel transformuig Rp to Rp and vice 
versa 

It only remains to justify the change in the order of integration in (2 3) 
Puttmg e ™ c+»< and applymg the formula, 



to the mtegral (2 3) we see that it is less than 

(I) [ * ** *1*1 * [w(c+*<)|*J* \PM\y'‘dy 

Ws-ot+lllllj 


Sinoe, 


<ii(6+tl)« <?(e 
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we have that the <-integral is uniformly convergent Also, the y-integral converges 
uniformly smce Pi{y) belongs to the class of analytic functions A(w, «) .Mso 
smce, (2 4) exists, the change m the order of mtegration is justified. 

Example —^To illustrate the above theorem, let us take, 


X(«) 

Then (2 1) gives 









(1+a:*) ^ 

a known kernel transforming to Ri> (Baily, 1931), 
Agam, putting 


^(2"l+i)^(2+2+i) 


0< + /i+|< 

and vm(i+2 

we have from (2 2), 

P^{x) = 

a known kernel transfonnmg R^ to Rn^z *nd vice vnsa (Varma, 1939) 
The resultant kernel is given by. 


K{x)r=x-i »i±? 

J Ji+y*) * 




ir{p+2) 




iF.{, 


fi+1. 




. \ 2 / //t+v , ji+c 3 •'“A* , I 


Tl.lid for > ~f . > “f i ®^r+2/*+2) 

Our theorem at onoe». gives liiat K(x) is a kernel transforming J!» to R/i+t 
vfee versa, 



B F. AQABWAI.' OB 80MB BBW KBBKBLS i 


$3. Theorem 2. 


Z(*)-J Pi(*») P*{y) rfy 


of two hemda of the, form, 

and, 

where, 0<c<l, 0<e'<l, 

o)( 9 ) « <i»(l-a), x(«) =» X (1 -<) 
ta a kernel Iranaformtng R„ to 

In order to illustrate the above theorem, let us take lu (3 1), 

and replace /* by (^+2), we get 

*^+*r(^+i)r(?^) / 

Pi(^)=- T Tv ;—y — - xPsU+i. V+^''*+2. 

^+2^f^+ly^^,+2) ^ 




a kernel transforming fl, to 2 and wee r«m Agam taking, 
a,(e)-2 * ln(8^),Pl(e)+5>Pl(-,i) 


a known kwnel transforming R^ to S, and woe versa. 
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The resultaat kernel is given by 
pp(ay)M+tr(^+l)r(^ 




2 +1.^+2.-^ + ! 


yi^+''+^)Kn.-^){y) dy 


mtegral, 



1 

wo get the 

new kernel, 

ICIr\ BE _ 

ooseo iT 

•= — 

z- 

2 



/4+r+,.e±r+i..+i. \) 

--4 *■)} 


> -1, Rli^^+v+2) >0,1 a; I < 1, v /* 

Our theorem gives that K{x) is a kernel transforming + 2 

The terra by term integration is vabd since 

(i) if g 18 an integral function and hence is uniformly convergent m any arbi¬ 
trary mterval (0, A) of x 

(u) iiri>(a:) = 0(a: *e“*) for I a: I large, 

(ill) The integrated senes of gf 2 functions is uniformly convergent for | a: | < 1 
|4. Theorem 3. 


» I that] henceforth use the abbrevieted notation p/,(“i Op, h 6, 1 ») to denote 
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of two kemeU of the form, 

and, 

where, 

0<c<l. 0<c'<l, 
w{s) =. w{l-,), xW=x(l-«) 
ta a kernel transformtnj/ R/i' to Rp 

To illustrate the above theorem, let us put m (4 1) and (4 2) 


w(9) = x(«) = 


1 


and 

then we have, 


r(i+tt±-') 






(4.1) 


a known kernel transformmg Rp, to Rr 
The resultant kernel is given by 


£(x) = xt*+i 




[(l+y*)(l+»*»*)] 


r(« 


fr“\ f f 


Changing the order of integration and mtegrating, we get 


coseo v( If/ s 




vaMfw Rl(v)>~l, Rl{v-ft+l}>0, v^n 
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Our theorem at once givea that K{x) w a kernel transforming R, mto itself 
The change m the order of mtegration is permitted since the y and the 9- 
mte^rals converge uniformly for iJl{v—,t+l)>0 and |a:l<l respectively and also 
since the mtegral (4 3) exists 


§6 Let us take the function, 


2 m+p-i -ix* 


p being an even integer or zero and p+2w> — 1 
Putting pa* V—2m, we got the Rp function 


(Varma, 1938) (6 1) 


W 


m 


Applying the kernel of §2 to this Ry function we get the R/x+i function, 

*(?) f / '‘+‘’ 




/ -+>■ 

Vv+'. <‘+ 2 . ■* / 


'(?) 5 ^ (l) r(i.+i+») 


" yy-m-ie-iy*W 3 , ^ (ix*) 


' 2 ^“ 2 + 5 s?o n\r(l^+l+ny{p+2+n) 


Jo 

2' ' ' ... r((^±-’+2+„)r(‘^+i+„),i 


X 


3 j , (iy^)dy 


rtianging the variable and applying Goldstem’s result 
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for Bl{l±m+i)>0, wo get 



where Bl(^^—m+l^>0, 


Bl{v+1)>0, iM(v+l-»i)>0 

ami (v—2m) is an even integer or zero, and 2m an integer or zero 
The term by term integration is valid, since, 

(i) 1 F 2 (0, 6. c, a;) 18 an integral function and hence is uniformly conver¬ 
gent in any arbitrary mterval (O, A) of x 
(11) If* m (x) ~ for 1 a: | large 

(lu) The integrated senes of 9/3 functions is uniformly convergent 
Alternatively, applying the same kernel to the B function (61), we get 
the B^, function, 



.)'+• hvN) 




Integrating as before, we got. 


( fi+li f*+2—m, \ 

_ 'T-V-. V 

[ 2^ \i+V'V+”- V 

valid for, Bl(^+2}>0, Bl0*+2-m) >0 

JSl(«i±’'+2)>0, Ul('i±!:+2-«)>0 
and 0i+2—2m) is an even integer or zero and v^ft. 
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The prooees of term by term integration is valid a& before 
§ 6. Applying the kernel of § 3 to the 2 function (Baily, 1930), 


where nis a positive integer, we get the fi/t function 






//i+l,#i+l,t~+l, 


X(®y)^+«c-»**^*,F,(-2a, 1+2-71, i x^y^yx 

f **V+3«-l''*’'Vi(-2n, 2+1-71, \x^y^)dx 


rfe+i+«){r(M+i+s)}Vi-s) 

X - '—y— -r- 

J -<« r{ft+2+s)r\^^ —1-1+«y 

0 

f" j 7 ’(«±-'+i+*)}V(.+i+,)r(-,)(-»')> "j 

r(f^+2+,)r[^+i+.) J 

Changing the order of mtegration and mtegrating term by term wo got 

wooeeow^^^j Fj j*{r(fi+l+«)Pr^^^+l+«^r(-s)(-)’ 

2’‘-'Tr(i;±?+i)'’ LH n^+2+’)r[^+1+.) 

X ’5' r(-2n+m)(y«/2)» 

—0 mir(2+|-n+TO) 



I f" {i’(*p+i+*){’n»+i+*)r(-.)(-)' 

'“J.„ r(e+-»+2+,)r('-:a+i+.) * " 

■] 


X J r(-2n+m)(y»/2)« f * 

m! r(2+e_«+TO') Jo 


to+««.+|*+l-+8 



{r(ii+i+4“r(ftt'+i+8)r(-«)(-)‘(^)‘ 

^ ] 

1 r(fi^Vi+8)r{H+2+8) 


2», /i+2+< , ^■^2” 


... j |V(v+l +8)r(-8)(-)* (^y 

2ir» J 

... r(ef'+ 2 +.)r('-^+i+.) 


X,J',(-S«, ei+2+,, 2+C-», l) 1 •■ 


irooa«>o>r(y)r(2+|-») 

2~^ r(^t^+iy(2+^+n) 

C 1 '*+'* i+f+w: 


e±r 
-2 * 


2\ 

; 


'ISie integral being oomrergent for 

i»0*)>“i. J8(fi+v+4)>0, 

«{r)>llKM); »>l»(K),»|id1tf|>V2. 
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Th« oh«ig« m tile order of Integratioa » valid, amoe, 

(i) J I e-***r* . 2 +^ -n , i*v) | 

is convergent for Sl(it) > —2 and J +1 —»< 0 

{r(/*+1+8) )*r^^"+i+s)r(-s) 

r(«^+i+8)r(/i+2+8) 

IS uniformly convergent for | * | < 1 
(lii) The repeated mtegrals exist 
Similar reasonmg holds for the other integral 
The term by term integration is valid since 
(i) IS an integral function and hence is uniformly convergent in any 
arbitrary mterval (0, of ar 
(u) The integrated function ranees to {a, b, e, 1) 

§7 Lastly, applying the kernel of |4, to the known function 



(-**)» da 




we get the By fonotion, 



x(*ype i**"*/, (7 1) 


Using the formula, 

r(v+l) 6-* ly (*) = (s/2)- iFi (r+i, 2.+1, -2z) 
and Bubatitating the mtegral (4 3) for the tf i functions m (7 1), we get 
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•/ -i» 




r(^+i+A)r(-A)r(^-*]y*‘j» .. (7 2) 


Changing the order of integration, we get 


X f „•*•*'**■ i+i, -'fvy» 


J 0 

[«(/?) >i?i(a)>0] 

we get, on eubstitation, 



'Again, changing the order in integration of the v and t integraJe sinoe both are 
uniformly and abaolutely oonTorgent, and mtegratmg the y-integral, we get, 




roKonoira ssu-BacnxKOOAL n thb sahsu. «iunsvobk 


817 


x| ^(g+^+«+|)* ^5-1 '* 


Changing A to (—a) and sraluating tlie residues at poles of the integrand which he 
on the poBitive half of the real axis, we get 



9 
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which u the required Jl, fiinotion valid for and ^(^)>—1 and 

«(»+8/t+4)>0 Md «(»■-8/i+l}>0 

The change in the order of integration m (7 2) u permissible, smoe, 

(1) J** |r(<i±^+i+s)r(;i+i+s)r(-s)r(!^-s)y«*|ds 

exists for 0 < y < ^ 

J 0 

also exists for ^(8fi+v+4)>0 and iJI(v—3;i+l)>0 
(ui) The integral (7 2) exists for 1 and M(3/i+>>+4)>0 


Aoksowusdqusst 

The author wishes to express his respectful thanks to Dr B S Varma, D Sc , 
for hw generous aid and suggestions leading to the preparation of this paper 
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ON THE STRONG SDMMABILITY OP A POtJRIER SERIES AND ITS 
CONJUGATE SERIES 

By VJ N SmoH, Allahabad 

(Commnnioat«d by Dr B N Prasad ) 

(Received October 10, read October 18, 1948 ) 

1 Let the Pouner senes oorrosponding to a function f{x), penodio and 
integrable (L) with penod Zrr, be 

(11) 4ao4-2 (®«cosna;+6, sinna:) 

The conjugate sones of (1 1) is 

40 

(1 2) 2 (*■ nx—a„ sin nx) 

We denote by S,(x) and B,(x) the partial sums of the senes (11) and (1 2) res 
peotiyely Let 

/.•/.(*)-if 0(Oootl/(ft, 


^«) = ^((, X) = l{S(x+t)-f(x~t)), 

and put 

(1 8) /(a) = hin/,(a), 


whenever the latter exists 
A senes 


<*o+«!+«»+ 


with partial sum A„ is said to be aUrongly avmmaUe with index 2 td s, or saminable 
Hi, if there exists a finite a such that 


2 “<>(»)■ 

>•0 

^Qie slaioiig snmmabOity of a Pouner senes and of its conjugate senes has been 
discfaaaed of late by a number of writers like Hardy and Littlewood (1913 , 1926, 
1986)> (1988), Oarieman (1928), Sutton (1926), Sz&sz (1940), Maroinldewioz 

U989}, yfaiag (1944,1945), Wang (1946) has recently obtained a general oonditimi 
lor |M Bummabnity fli of Poimr series, ^e object of this paper is to obtain 
m |Miak)gons ramlt for the conjugate Pouriar senes We proTb the foUowiag 
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/or some ot > i, then the conjugate aertee (12) m aummable to the sum f(x) pro- 
vvied that the l%m%t (13) exute 

My thanks are due to Dr B N Prasad for his kind interest and advioe 
in the preparation of this paper 

2 We shall require the following lemma m order to prove the above 
theorem «• 


I ^(u) I du = o(t), as t-T’O, 


Proof 

It IS known that 


Ss(a;) — - I ^(0 cot )<(1—008 i'l)d<+o(l), 


or 8y{x) = - cot J<(1—cos cot 4l(l—cos i4)d<+o(l) 


= ^| ^^(2 8ins^)(«+i I ^(t)coti«(l-co8W)dt+o(l) 
I 1 

1 ? I ^ ^2 sm* I ^ " I V I #) 1 * « - 0(1), 


(j§l’(x)— /,) =- ^(t) cot |t COB vt dt+o(l) 


idme 8 18 small, bat fixed. 
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2 I I I *^1 ^ d^+o(n) 

= ^ I I I ^ (cos i'(m4-<)+co 8 v(tt-t))| du+o{n) 

-) =^_n'*-nr’ 


Ij^f dt f du = o{(log «)*} = o 


For, putting 'Fit) = j* [ ^(«) ) du and integrating by parts, we have 

-0(1) + I '’(=)''“ 

= 0(l)+o(lc^ n) 

= o(log n) 

Hence we obtain from (2 2) 

2(S,(.)-7.)-- j* 

(23, +l.|*®j,j'®.sa^'3.+.,n) 

S=I/j+Zi+oCb) 
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u(«—<) t L«—* mJ 

f* dt f* ^ r* 1*“ 8inn(«-t) ^ 

J, ‘ J, « “J, « J. ' 

* Ji “ 

0(«) sinn(M-t) 2, f* 0(ti)8iaw(M-<) ^^ 

t « «-< t « u-t 

==2 f fV_(j0 Bmn(«-0 2^ fV)du f" W n(«-«) 

u u-t 4 u-t 

=^a| 




Honco 

" 


{j’ 

Now integrating by parts, we get 


|’ljm*j'li^.i._|’ij^j 



^+o(l)+o(log lU) I* 


■< 





A, woxmsR aaaiaa asd m aoKjxTOAva aasxxa. 


Thus from (2 4) we get 


V. I’■<»+»(”) 


"sj '^*1 ®«n"(»+l)J«'^ j j^g!aB,(«+l) 
« ^ i i 

Hence 


Thus Lemma 1 follows from (2 6) and (2.6 
3 Proof of Theorem A. 

From Lemma 1, we have 




Now 
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,3^ 

But 

r i I it r 1* I f* dt «f* ^<*1- - dt 


= O(i)+O| 




(3 3) «0(1) 

The theorem follows from (3 1), (3 2) and (3 3) 


4 It will bo obserred that Wang’s theorem {loc ctt) about Fourier senes 
referred to above, may be put in a different form also It is 
Theorem B If for some iS > J, 



where ^(<) = 4>(x, t) — l{f(x+t)+f{x—t)—23}> 

then the Four%er sertes (11) u mmmable Ht to the sum s 
It can easily be seen that (4 1) imphes 


(4 2) 


I ^(w) I dw=o/-T—^T wY' 

j. ; 


for i < « < /S 

Hence the theorem will hold in view of Wang’s condition 

6. The corresponding form of the theorem for the oon}ugate senes is 

Theorem B'. If for some /8 > J, 


(5.1) 



then the conjugate sertes {1.2) ts sumrtMble Bttothe sumj[x), provided that the UnUt 
(1S) exists 

The proof of this theorem is similar to that of Theorem B. 
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STUDIES IN THE ASSOCilATION OF PLANT CHARACTERS AND 
PEST INCIDENCE. 

I Natxtbb or i;BAr soBrAOii and hitb attaok in sttoaboanb 

ByTL "L Khanna and K R Rahnathan, Central Svgarcarw Research 
Station, Pum, (Bihar) 

(Commumoated by Dr H S Pruthi, O B E , M So , Ph D , Sc D (Cantab )) 
(Received February 11, read April 4, 1947 ) 

1 Ihtroddotion 

Till reoently, attack of mites on sugarcane had not received much attention, 
evidently due to its minor importance as a plant pest It has been recorded on 
sugarcane from various parts of the world (Wolcott, 1921, Swozy, 1023, Williams, 
1031, Holloway, 1036) mcluding places withm India*, viz , Coimbatore (Cherian, 
1934), Punjab (Rahman and Sapra, 1940) and Smd (Haroon Khan and Bhatia, 
1946) In all these places, it has been found attaoking sugarcane, generally during 
the drier part of the season, viz , April to June and disappearing with the onset 
of monsoon rams So far it has not been recorded from Bihar or Eastern India 

Though not considered as a serious pest, the attaok of mites considerably reduces 
the effective functioning area of the le^ surface by the innumerable webs built on 
the lower surface The portions affected often become colourless and spotted with 
reddish specks, evidently due to a discolouration or dismtegration of the chloro- 
plasts in those portions The pest usually attacks fully developed and mature 
leaves and it is not improbable that its attaok hastens their drying up and prevents 
the plant from getting full benefit of these leaves While its debterious effect is 
not peroeptibb it is probable, as stated by Swozy (1923), that there is a check at 
least in growth, particularly because the attaok oomoides with a period of stress, 
when the plant is trying to tjde over the hot dry season 

n Obsbbvatiohs, 

The attaok of mites was first noticed on a clump of S epmtaneum collected 
from Bikna-Thoree in 1943 and grown at the Central Su^cane Research Station, 
Pusa The attaok was seen about the middle of May m a dump of the above species, 
transplanted and grown neeur the net house m the laboratory area In a few days 
the attack processed to a neighbouring clump of another form of 8 apotUaneum 
and also to a tew pots of sugarcane seodlinra kept inside the not house By the 
end of May, the attack became widespread and progressed to some Coimbatore 
canes grown m the vicinity The vanetiee attacked mcluded among others Cb 313, 
Co 331, and Cb 513 The attach was so rapid that the leaves of almost all the above- 
mentioned vanetiee became spotted by the innumerable webs, which wpeared as a 
number of small whitish patifiiee, on the under-surface of the lamma(Pl IH, fig 1) 
These patifiies on examimtion showed all stages of the pest, from egm 

and just hatched larvie to well-developed adults The latter were often frr^y 
moving about and evidently became responsible for fresh infestations of other 
leaves and plants in the neighbourhood. The infestations generally started along 
the marg ins of the baVes or from the tips and progressed both inwards and 


* rtiitM atta?kirg lagaroaiie and the wild Sheehomme in Bibar have boon idsntifled 
PasaMraiipahw iiiMeua 
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baokwArds. until the lower surfaoe of the leavea was literally spotted with the 
innumerable patches of webs (PI III, fig 1) The webs were confined only to 
the blade portions of the leaves and were not found on the midribs^ 

The most mteresting feature noticed about the infestation orSlWfTnite was the 
pecuharly complete immumty &om its attack of three clumps, one of S arundtna- 
cevm and two others of two different forms of 8 munja, which were growing side 
by side with the forms of 8 apotUaneum, in which the attack was first noticed cmd 
was severe throughout the season While the pest had gone and attacked 
sugarcane seedlmgs inside the net house and Coimbatore canes standing farther 
away, they had surprisingly enough, left unattached the above clumps which 
were all standing and growing more or lees touching the above forms of 8 apotUaneum 
As 18 well known the sprei^ of this pest takes place by the migration of the 
females to firesh leaves, aided by contact of such leaves with the infested ones or by 
the dispersal of mites by wind It is mteresting, therefore, that the above-mentioned 

clumps of 8 arundinaceum and 8 munja did not show any infestation throughout 
the period of nearly six months—May to November—when the attack was spre^ng 
around them to various Coimbatore varieties grown m the vicimty More or lees 
similar immunity was nptioed m the JhiUi Nursery also where an attack of this mite 
was noticed only on the forms of 8 apotUaneum grown m the wild 8accharum block 
and not on any forma of 8 arundtnaceum or 8 munja growing along with them 
In order to understand and to find out any possible plant characters which may 
be associated with this variation m vanetal susceptibility, an examination was made 
of the leaves of different vaneties, moluding those of Coimbatore canes which were 
found most susceptible Smee the attack generally took place on the 'lower surfaoe of 
the blade portion of the lamma, a study was made of the epidermal characters of the 
under-surface of the leaves, both in sections taken across and in peelings obtained 
by maceration In all cases, wherever infestation by the mites was noticed, 
particularly m the forma of 8 apontaneum and Coimbatore canes, the lower 
surfaoe was oharaoterisod by the presence of well-marked storaatal grooves, often 
hned by charactenstic spmous outgrowths on the ridges adjoiniim the grooves 
(PI ni, figs 4-7, H IV, figs 8, 11-13), while in the forms of 8 arundtnaceum and 8 
mwfi^a^hioh were found to be free from infestation, these grooves and spinous 
outgrowtEd>K|re completely absent and the surface was nearly smooth (PI III, figs 2 
and 3, PI IV/figs, JJ and-10) The difference between the vaneties regarding these 

features is notewoii^y/since it appears probable that their susceptibihty to mite 
attack is evidently closely related to them From what is known already, these 
mites have the habit of selecting generally sheltered places on the under-surface 
of the leaves, particularly concave areas between two veins (Rahman and Sapra, 
1946) or between the mi^b and the lamina for epinnmg their webs. The stomataJ 
grooves, wherever they are present are located between the veins and evidently 
afford an ideaJ place for shelter and the spinous outgrowths on either side evidently 
give proper holds for the webs to be spun This evidently explains the preference 
i^own by the mites towards those varieties, viz , 8 apotUaneum and Coimbatore 
canes which have stomatal grooves and spinous projections on the under-surfaoe 
of their leaves and the Immunity of the forms of 8. arutidmaceum and 8. rnutm, 
which show an entire absence of the above features Even amongst the susceptible 
varieties, it iS interesting to note the preference shown by the Biites to the margins 
and tips of the leaves weoted It is not improbable that this attraotiem may be 
dhe to the closer approximation of stomatal moovee towards the margins and tips 
and the presence (ffVetter developed spines and aspirites, which as suggested already 
give suitable plaoe of shelter and proper hold for spinning webs by the pest. 

Lastly, it is noteworthy to rec<^ here the {neennoe of this mite on a conunm 
tneadowgrass, DioanMum antmlatum, on wliidiithasbeen noticed almost througbout 
the saascD. An examination of the under-surfMe of the leaves of this graM also 
showa the presence of tnbegroled hairs wid a sUj^t grooving between vems whloh 
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aa stated already, afford suitable shelter and hold for the spinning of webs aa in the 
canes described above 

in SVHUABT. 

The paper records the incidence of mites {ParaUtranychvB %nd%cut Hirst) on some 
sugarcane varieties and wild Saccharume at Pusa, Bihar The attack was first 
notio^ m clumps of 8 spontaneum and spread later on to some other vaneties of 
sugarcane m the viomity Forms of 8 munja and 8 anmd%naceum growing m the 
same area were found to be free from the attack throughout the season 
An examination of certam plant characters associated with the attack of mites 
mdicated the probability that the presouoo or absence of stomatal grooves on the 
under-surface of the leaves might be responsible for this variation m susoeptibihty 
While forms of 3 . tpontaneum and varieties of sugarcane that were attacked, have 
stomatal grooves and spmous outgrowths protecting them on the under-surface of 
their lamma, forms of 8 munja and 8 arundtnaceum which were throughout firee 
from attack, have no such stomatal grooves or spmous outgrowths It is suggested 
that the presence of stomatal grooves between the veins afford suitable shelter for 
the mites and the spmous outgrowths afford suitable hold for spinning their webs and 
thus explam the susoeptibibty of sugarcane varieties and forms of wild Saccharuma 
having these features, in contrast to the immumty of those form? showing an 
absenoe of such characters 
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* Explakatiom of Platss 

Plate IU. 

Fro 1. Leaves of different varieties of sugarcane and wild Saecharums showing attack of mites | 
(a) and (t) S spontaneum, (c) Co 613, (d) Oo 313, (e) iS munja and \J) 8 arundtnaoeum 
The last two varieties ore altogether free from attack 

Fwi 2-7 Cross section of the lamina of the difloient varieties of sugarcane and wild Saoeharume 
showing the absence of stomatal grooves on the under surface of the leaves of S munja 
(Fig 3) and S aruttdtnaceum (Fig 2) and their presence in S epontaneum (Fig 4) and 
Co. vaneties, Oo 613 (Fig 6). Co 813 (Fig 8) and Co 331 (Fig 7) 

Plate JV. 

Fim. 8-13 Epidermal peelings of the lower surface of the lamina of the different varietiea of 
mid wild Saecharums showing the presence or absence of stomatal grooves, 
Flg.8,S spontoneumfrig 9,S iniMyoj Fig 10,5.anwdtnoceiimjFig 11, Co313(Fig 12, 
Oo 381 and Fig. ll,Oo(H8. 


















ON THE STRUCTURE AND DEVELOPMENT OF CTENOID SCALES IN 
CERTAIN INDIAN FISHES. 


By DHuaiNDRA Nath GANaDLY and Sivatosh Mookeejbb, Zoology DepaTtimnl, 
Vmternty of CalcuUa 

(Commtmicated by Rai Bahadur Dr S L Hora, D So , F.N I) 

(Recewed June 13, read August 1,1947 ) 

Abstbaot 

The paper gives the Rtruoture end devolopmont of ctenoid sralrB in certain Indian fishes 
The formation of spines is not influenced by the nature of the circnii £aoh spine is an integral 
part of a ctenoid s^e, consisting of several component basal parts, the apices of which may bo 
pomted or displaced The one rowed nature of etenii by secondary distortion gives a false 
impression that they are multi rowed The ctenoid scale is an advance over the cycloid from 
which the former is evolved The spines and oiroiili are formed from the same substance but 
independently It is suggested that the etemi have arisen under tho influence of a physical 
factor, namely, diSerenti^ movements of the various parts of the body of tho fish 
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1. iNTBOOHOnON. 

The Boales of fishee have been studied by a number of mvesti^ators, both from 
the standpoint of evolution and practical appbcation to the question of determma- 
tion of age. All the previous researohes on scales reveal that there still exists a 
large scope for mvestigation into the genesis of ctenoid scales Besides, the relation 
of the ctenoid scales to the cycloid has so far been imperfectly understood An 
attempt has been made in this paper to detenmne the nature and evolution of the 
otendd scales in oertaiu Indian fishes. 

In 1946, the Zoology Department of the Calcutta Umversity collected earlier 
stages of a number of speoies of fish, such as, Sewena covtor, Anabas Utttudineus, 
Mvgtl 9pp., Cdtta lahua, Cdhaa fasetata, and other species possessing otendd 
Bot^ in the addt stage. The materials had been preserved in 4% formalin and 
were found (luite good for study of tho earher stages of scale development. The 
restt^ embodied here mre based on os examination of at least five specimens of 
each stage. A feir of the scales were stgmed with Borax Carmine, and were omu- 
pared untreated sAJes, Average length of the fishes studied is stated in 
rsipeetire osses. 
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III Tebminolooy 

In our account we have followed the terminology used by Taylor (1914-16), 
and for convenience of reference, we give below a brief definition of the terms used 
m this article 

GvrcttU are rehef lines on the exterior surface of scales, arranged ui concentric 
or nearly conoentno rings. 

Fociu6 is the area of the scale round which circuli are concentrically arranged 
The focus usually hes at the centre of the scale 

Radxx are markings, radiating from the periphery to the focus of a scale They 
are found usually on the anterior surface, but sometimes on the posterior field too 

Ctenix are spmous outgrowths m the posterior field of the scales of certain 
Actinopterygian fishes and are the characteristic features of the ctenoid scales 



Tbxt-fio 1 — ^Diagrammatio mpresentation of a otonoid scale of Sctaena ooUor 

ap —Spinea (otemi) undergone diaplaoement givmg the multi rowed appearance, t _Space 

between the spines and the oirauli, /—^FoeutH e —Oireuh, r—Radii 

Anterior field is the portion of the scale that lies in the scale pocket, and is 
directed towa^ the inferior end of the fish. 

Postmor field is the portion of the scale which is exposed and directed towards 
the posterior end of the fish. In ctenoid scales, this portion is covered with spines. 

Lateral fidda are the portions of the scale directed dorsally and ventrally in 
relation to the position of tns fish. 

Irtfenor etde of a scale is th&t which lies ekwe to the body and is plain. 

8itpenor etde of a scale is that iHiioh is exposed and sculptured. 



DBVXLOniBin' OF OrrBirO£D soajuxs ik obbtain ikdiait fishbs 


rv. StBUOTOBB of SoAUtS IM SciABNA COITOR (HaKILTOM) 

SciattM coitor is an Acanthopterygian fish commonly found m the larger rivers 
of India amd Burma Though it attains only a foot m length, it is a valuable food 
fiqfi 

According to the nature of the scales, the surface region of the fish can be dis¬ 
tinguished mto the following four areas — 

(i) TypvxH cydoid acaUa wUhout radix (PI VI, Fig 7) —Head region 
(u) Cydoid scales with a few radii (PI Yl, Fig 8) —Scales covering the fins 
and the anal region 

(ill) Ctenoid scales with radiating spines (PI VI, Fig 9) —On the lateral 
Ime The scales on the lateral line are pecuhar m their structure 
The spmes of these scades are contmuous radiating rays or spmes 
projecting mto the posterior field A space exists m between the 
oirculi and the place of origm of the spmes These radiatmg rays 
may often be broken, but generally they are unmterrupted The 
epidermis covers the scales on the entire length of the lateral hne on 
either side. ' 

(iv) Typical ctenoid scales (PI VI, Fig 11) covermg the rest of the body, 
though the scales on the caudal peduncle are somewhat diiferent from 
those m other parts of the body 

In a typical body scale the spmes are arranged m a single row, each spine bemg 
made up of several component basal parts The apical block is pomted, while 
the remaining ones may be blunt On the caudal pedimole, the component parts 
of the spme are displaced or distorted so as to create a false impression of the arrange¬ 
ment of spmes mto several rows 

Attention may here be mvited to Gunther’s (as depicted by Parker and Haswell, 
1940) drawing of a ctenoid scale m which spines are shown as many-rowed structures 
This 18 usually not the normal condition as many-rowed structures are secondarily 
produced during development (vide infra), and may give a false notion that the 
spmes are many-rowed structure. 

V Dbvblofmbnt of Tyfioai. Otbmoih Scales m Sciaena ioiwm 

No trace of scale m the fish was found up to a length of 14 mm , but later 
patches of scales appeared here and there on the body At this stage, a scale shows 
a lamellar structure with few oircoh (PI V, Fig 1 ) The circuh appear as deposits 
on the superior surface of the lower layer This secreted layer has been variously 
termed as superior layer (Kuntzmann, 1824, Mandl, 1864, Ussow, 1897),hyalodentme 
(Hofer, 1889 ) and cell-less ganom (Parker and Haswell, 1940 ) The superior side of 
the scale lacks a shining surface 

id mm Stage (PI V, fig 2) —^The superior side of the scale develops a shmmg 
surface, the number of circuh moreases, and radu appear as oracks on the upper 
surface due to the folding of the lamella Generally, radu develop m the posterior 
field and divide the circuh centripetally starting ^m the periphery and ending 
toward the focus 

11 mm Stage (PI V, Fig 3) —^At this stage, the circuh become mterrupted 
m the posterior field, while the secreted substance forming the circnh is drawn 
out in a radial direction instead of bemg laid out m the form of a complete nng, so 
as to mve nse to the formation of a spine. 

20 mm Stage (PL V, Figs. 4, 6,6) —^With the growth of the scale, more and more 
oirouli appear, but in the posterior field the oontmmty of ring formations is mter- 
mpted by the formation of spines The number of spmes formed seems to 
depend on the space availaUe between the ends of the oiroun that were mterrupted, 
but there is no oorreepondenoe between the number of ^inea and Hte position of the 

6 
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successive cironli It would, therefore, appear that the formation of spines is 
independent of that of the circuh, though both are derived from the same material 
Owing to the continued deposition of the material secretg^^h® spmee go on 
increasing in size It soon begins to project beyond the edge oF the soale The 
projecting part becomes separated by a crack at the base of the spine Owing 
to the flexibihty of the apical part of the spine, the crack assumes an arc-bke 
shape somewhat resembling a tynovtal cavtty As growth proceeds, the apical 
portion of the spine is pushed out more and more, and more cracks appear m the 
basal part Thus m the adult stage each spine appears as composed of several 
basal component halves It will also follow that the earlier formed spines will be 
larger than those developing subsequently 

A A A 

A ' B C 



0 E F 


Tkxt wo 2 

X>isgr»mm»ti<] representation of the formation of the component basal parts of ctenii 

A —an individual spine at a very early stage of .development, B —later a crack appears 
m the spine, O —the oraok beoomea promment and separates the individual spme into an 
anterior apical and a posterior basal component, £>—the crack assumes an arodike shape 
resembling somewhat synoviol cavity, JC —the apex of the basal component is also being 
pointed, F —a displacement due to some physical factor (mr differential movement of the 
b^y of the fish) has caused the apex and the corresponding basal component of the gpino to 
move wide apart, thus giving the so called multi row^ nature 

Thus, in the posterior field of a ctenoid scale, there are spmes of different agea 
and consequently of different lengths The older the spme, the larger the number 
of basal components it is likely to have 

The fully formed structure of ctenoid scale is attamed at the 20 mm stage 
though additional oirculi, radii and spines contmue to be formed with the further 
growth of the fliah. 


VI. SOALBS OF AnaBAS TBSTVDINBVS 

(i) 8truciure(V\ VI, Fig 10).—^Though Cockerell (1912-13) gave an account of the 
ctenoid scales m Anabaa teMvd%neua, he did not report that the scales m the same 

on the head, operculum and nape region remamed cycloid throughout bfe, as 
has been observ^ by us He also recorded that the lateral Ime scales have then 
spmes contmuouB at the base with the oirouh Vife find that these remain detached, 
although m other respects we confirm his observations 

(ii) Development —The development of scales is noticed at the 11 mm stage, 
and it follows the same course as outlined above for 8c%aena cottor The spmes 
appear at the 17 mm sta^ In the earlier stages, the spines have one-rowed 
components arranged m a nngle row, but later on, due to displacement, the basal 
oomponenU superficially appear aa miade of several rows. 
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Vn. Scales of Mvgil spp, Cousa lauus amd Cousa pasciata 

Prelimmary obeervations regarding the development of soales m Mugtl epp, 
Cohaa laltua and Coltaa faactata show that the ctenoid pattern is develop^ more 
or less in the same way as noted above m the case of Sctaena eottor 

Vni OBiom OP Spinks 

We agree with Klaatsch (1890), Dunckcr (1896) and Greaser (1926) that the 
ctenoid condition of a scale is an advance on the cycloid nature and we disagree 
with Boudelot (1873), who regarded cycloid condition as a secondary feature pro¬ 
duced through the dropping of spines in certain cases 

Aecordmg to Boudelot, the spines have their ongm m the serrae on the edges 
of the posterior circuh Ckx.koreU and Moore (1910) considered that the spmes arise 
through the modification of the crreuli, which m the apical region retain their 
vertical position In their opimon, a scale with completely transverse apical circuh 
cannot be and cannot become ctenoid Later, GockereU (1913) opmed that the 
ctenoid feature appears to bo derived from the longitudinal apical circuh which are 
modified and become segmented In the development of the ctenoid scales, we, 
however, find that the cu-cuh and the spmes develop independently (PI VI, Fig 6, 
PI VI, Fig 11) We have came across several instances of vertical ctrculi of the 
discontinuous typo without showmg the least indication of the formation of the 
spine For instance, photographs of the scales of the Pacific Salmon, published 
by Gilbert (1012-13) show vertical circuh but no spines It may also be pointed 
out that the scales of the species desenbed here are provided with completely con¬ 
centric circuh in the earher stages though later they become ctenoid It would 
thus appear that the assumptions of Cockerell and Moore (1910) are not compatible 
with the results obtained by us Moreover, in adult 8 coitor the circuh are not at 
all longitudinal but show a tendency to become concentric (PI VI, Fig 11) and in 
case of A teatvdtneua (PI VI, Pig 10) the spines are formed m between the apical 
ends of two successive, longitudinal circuh In view of this, it is difficult to conceive 
how Cockerell (1913) postulated the formation of spmes from the longitudmal apical 
circuh 

From the observations we have recorded above, we are led to conclude that 
both the circuh and the spmes are independently formed by the deposition of a 
secretion of the lower layer of the scale Thus the spmes constitute an integral 
part of ctenoid scale as already stated by Kuntzmann (1824), and Ussow 
U897). We are not in agreement with Mandi (1840), who considered that the 
spmes are comparable to true teeth, or with Peters (1841) and Salsbey (1868), who 
regeu^ed them as the extension of osseous corpuscles We treated some scales with 
dihite hydrochloric acid and found the spines vamshing leaving a sculptured surface 
on the matrix, each component of which represented an mdividual spme A famt 
axial projection has been marked at the centre of each component If the spines 
are composed of osseous corpuscles, such disappearance of spmes could not have 
been possible, as m that case the oaloium commimd that impregnates the corpuscles 
might have been dissolved by the action of the acid but the corpuscles which 
formed the spines should have remamed mtaot 

IX Evolution of Sfinbs 

When one finds fishes with cycloid and ctenoid soales livmg together m the 
saiae span of water, naturally one wonders what functions could these tmy spines 
perfbrm. Dnnoker (1896) has shown that ctenoid scales are developed from cycloid 
soales only when the po4t«rior edge of the latter is raised out of the enclosing eiathe- 
lium so that a layer of substance bearing otenii may be laid over the surface of the 
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scale Creaser (1926) has supported Dnnoker's view m his studies of the scales of 
Sunhsh. He has stated 

‘In the case of Sunfish it appears that only those scales which ext|pid|PPstenorly into the 
epidermis as tliey becomo imbricated develop otenii When the scale is first formed, it is an 
embedded oyoloid plate, but as soon os it goes into the epidermis by the rapid extension of its 
posterior margin m the oblique direction taken by overlapping scales, otemi begm to be formed 
on the surface ’ 

It would thus appear that some physical factor rather than a biological cause 
18 responsible for the development of spmes Ryder (1893), Taylor (1914-16) 
and Creaser (1926) have attributed the production of spines to the movements of 
the body of the We are also inolmed to support this view as we did not find 
even radii and spmes on the scales of those parts of the body, such as head, which 
do not show any flexuous movement Taylor (1914-16) has already expressed the 
view that the number of radu is directly proportional to the fiexion of that part of 
the fish from which the scale is taken We believe the presence or absence of spmes 
18 perhaps also attributable to the same cause, namely, the differential movements 
of the various parts of the body. 


X Summary 

1 Ctenoid scale is an advance over the cycloid one and the former is evolved 
from the latter 

2 Once evolved, the ctenoid scale is never transformed agam to cycloid one. 

3 The spines are actually not many>rowed as they look superficially Really 
there is pnmarily one row of spmes which, owmg to some meohamcal means (pro¬ 
bably constant flexuous movement of the fish’s body), crack and finally break into 
basal component halves to cope with the pressure exerted In many adult fish 
it IS very difficult to detect the one-rowed nature of the spme unless either the 
developmental history of the scale or the specimens from different r^ons of the 
body are studied 

4 The spmes never ongmate from the serroe on the edge of the posterior 
field, nor through the modifications of the apical ends of the vertical cirouli as 
stat^ by previous authors These ore quite separate structures developed mde- 
pendently of the cirouh, of course from the same substance The spines m scales 
do not commence to grow all simultaneously The particular formative stage 
occurs m greater ahundwoe m the length of the fish specified 

5. We are m entire agreement with Taylor that the flexibihty of the body is 
the mam cause of the formation of the radii More flexible is the body, more the 
number of radu m its soades 

6 Spmes are always found m the scales of these regions of the fish which 
show strong flexions of the body Ptobably the spmes are formed by the physical 
phenomenon, namely, the differential movemrats of the body of the fiiffi 
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xn. ExfiaitaTiom of Piatbs 

PlATB V 

Fio 1 A scale taken from 8 oortor of 16 mm stage showing the lamellar structure with few 
ouwulii Radii and spmes are not yet developed It is non shmmg ( x 280) 

Fio 2 A scale taken from 3 eoUor of 16 mm stage showmg development of radii on the 
posterior field oentnpetally towards the focus It has developed a shmmg surface (x 200) 

Fio 3 A scale taken from 3 eottor of 17 mm stage, showing increase in number of oirculi 
and a single spine (x 260) 

Fio 4 A scale tahm from iS eottor of 18 nun stage, showing the number of spmes increased to 
3 (x240) 

Fio 6 A scale taken from 3 eoUor of 19 mm stage, showing 4 spmes (x 230) 

Fio 6 A scale taken from 5 eottor of 18 mm stage, showing the crook of the spmes into anterior 
apical and correspondmg component basal halves ( X 230) 

Plath VI 

Ficr 7 A scale taken from the head region of adult 3 eottor showmg the cycloid nature without 
radii (X176) 

Fio 8 A scale taken from the anal region of adult 3 eottor showing a cycloid scale with radii 
(X176) 

Fio 9 A scale taken from the lateral Ime of adult 3 eottor showmg the mdiatmg ctemi on 
the posterior field (X176) 

Fio 10 A scale taken fkom the caudal peduncle of adult A teetudtneue showing the so csdled 
multi rowed appearance of the spmes oaused secondarily due to displacement of the basal 
components ( X 200) 

Fio 11 A scale taken from the body of adult 3 eottor showing the detailed orrangement of 
apical and t^ corresponding component basal parts of each spine, between the two 
rsQieotiVB oomponent ports an arc like ^wce resembling synovial cavity is seen Distmot 
space exists between the oirculi and the spinous region (X 240) 







ON ACETYLATION OF CELLULOSE IN RAW JUTE FIBRE 

By N N Saha, M 8c , PalU Laboratory of Phyaxca, Un%vef3%ty CoUeye 
of Science, Calcutta 

(Coqiimmicated by Prof M N Saha, F R S ) 

[Received July 26, read December 5, 1947 ) 

Abstbaot 

Besults of X ray analysiB of aoetylated row juto fibre ore compared with those for ocetyloted 
deligmfled jute fibre It is found that the two patterns differ from each other although the 
length of the 6 axis is the same in the two cases The degree of acetylation at different instants 
during the period of treatment for as ety lotion extending up to 48 hours has also been determmed 
by chemical analysis and has been foimd to bo less tlian that observed in the case of ramie by 
Hess and Trogus It has been observed that the rate of aoetylatic^p reduces to almost zero 
after two acetyl groups are taken up by each glucose unit and the formation of triacetate begins 
after twenty hours of treatment The results are explained on the hypothesis that hgnm is 
present in the acetylated product and it is responsible for the difference in the structure from 
that of pure cellulose acetate It is further shown that the rate of acetylation at the two stages 
of reaction can bo explained by assuming that the reagent enters the micelles by diffusion 


Introdhctioh 

*It 18 well-known that various compounds of cellulose are used m mdustry 
nowadays and cellulose acetate is probably the most important among them 
It IS mainly used in making photographic hlms, plastics, lacquers and artihoial 
silk The advantages of this ester over cellulose nitrate are its transparency, bght- 
resistance and non-mflammability 

The esterification of ceUulose is brought about by the estenfymg agents through 
the available hydroxyl groups The number of hydroxyl groups available for acety¬ 
lation m glucose residue is three, two of which are secondary and one is pnmary 
In course of acetylation, it has been observed that with the progress of time, the 
number of acetyl groups in the cellulose molecule gradually mcreases giving first 
the mono-, then di-, and finally the triacetate 

The source of cellulose generally used for preparing the cellulose acetate is 
chiefly cotton in which a fairly high percentage of cellulose firoe from other impurities 
18 available Hess and Trogus (1932) used ramie as source of cellulose for preparing 
cellulose acetate They found the acetic acid content in the ceUulose acetate 
prepared by them to be about 60 per cent, a httlo below the theoretical maximum 
value which is 62 6 per cent 

In Bengal, jute is one of the main sources of ceUulose, as it is much cheaper 
and more abundant than cotton and ramie But the mam difficulty in using it sis 
source of ceUulose is that jute contams about 11 to 15 per cent of hgnm as impurities 
while the lignm-content of ramie is below 3% 

The question whether jute fibre can be used as a source of ceUulose for preparing 
cellulose deauvatives was investigated formerly by Chowdhury and Basu (1932) 
by ohemioal methods, but they prepared the ceUulose derivatives from dehgnified 
jute. The object of the present mvestigation is to find out by X-ray analysis com- 
bmed with chemical methods to what extent the raw jute fibre containing hgnm is 
acetylated when it is subjedted to the same treatment as cotton or ramie fw obtaining 
ceUulose acetate 
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Exfbboiental 

In order that jute fibres even after acetylation may retam its fibrous form and 
properties'the process of fibrous acetylation used by Hess iMt W Erogus (1932) was 
followed In the present method 6 gms of well-combed, cleaned and air-dried raw 
]ute fibre was placed in fiask in which a mixture of 50 gms of glacial acetic acid, 
200 gms of acetic anhydride and 60 gms of fused potassium acetate were taken and 
the whole mixture was refiuxed At the end of seoond, fourth, seventh, eleventh, 
twentieth, thirty-second and forty-eighth hour about 0 7 gm of fibre was withdrawn 
every time, wa^ed in runmng tap water and then dried in air for about two days 
When they were fuUy dried, about 16 to 20 strands of aoetylated fibre were taken 
from each sample Each of these samples was subjected to both chemical analysis 
and X-ray examination X-ray photographs were taken after making all the 
strands parallel by pressing them inildly with fingers and holding them taut during 
exposure The photographs were taken with a very fine idit of 0 6 mm bore and 
6 cm. in length using Cu Ka radiation from a Hadding tube The photographs are 
reproduced in Plate vn 

Some quantity of raw jute fibre was next delignified by treating it with ohlorme 
peroxide for a long time This method was adopted because of the fact that ClOj 
affects the cellulose least The delignified fibre was then aoetylated for 60 hours 
by the method mentioned above and the final product was analysed chemically and 
its X ray diffraction pattern was also photographed This photograph is repro¬ 
duced in Fig. 9, Plate VII 

As regards the degree of acetylation at certain mtervals the results obtained 
from X-ray photographs were compared with those obtamed by chemical analysis 
The chemical method adopted for the estimation of acetyl groups was that of 
Perkm (1904)* The estimation of acetyl ^oups m aoetylated deligmfied jute fibre 
was also made by the same method under identical experimental conditions ' 

Rbsxtits and Disottssioh. 

(a) ReauUa oj chem%cal analysis of the product 

The results obtained with raw jute fibre are given graphici^y in Fig 11, in 
wluch Curve I is drawn with acetic acid content as ordinate and the reaction period 
in hours as abscissa In order to compare these results with those obtamed by 
Hess and Trogus in the case of ramie, the results obtamed by them are shown m 
Curve II, Fig 11 It can be seen that the curve obtamed m the present mvestiga- 
tion with aoetylated raw jute fibre is approximately of the same nature as t^t 
obtained by Hess and Trogus in case of ramie fibre But from the general appearance 
of the two curves it can be seen that after the treatment for a partioulm period 
under identical conditions raw jute fibre is not aoetylated to the same extent as 
ramie fibre For instance after the treatment for two hours the product obtamed 
with raw jute fibre is found to contain 19% of acetic acid while that obtamed with 
ramie contains 33% of acetic acid The saturation value, i e the m axi mum 
quantity of acetic acid which the fibre takes up after 48 hours of treatment is lower 
in case of jute than m ramie The values of acetic acid content observed by Hess 
and Trogus are also given in Table I. 

It has already been mentioned that cellulose acetates are formed stepwisely 
In Curve I it can be seen that at the eleventh and twentieth hour the amounts of 
acetic acid foimd m the aoetylated fibre are 39 3% and 89 8% respectively. This 
flat portion of the curve mifroates that the jute fibre ai^ being aoetylat^ to a 
oerttw extent refuses to take up any more acetio acid for a oo^derable length of 


* The author ii indebted to Dr, B. K. Bhattaoharyjra and P. Sen Qupta for tiieir MnS help 
UK the ftoftlyBise 
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time after which it again begms to react until the final saturation value is reached 
Since this takes place after the product shows 39 3% of acetic acid content and the 



0 2 * 6 S to 14 IS S2 26 30 34 38 42 46 50 

PemOD OF REACTION IN HOURS 
Fxo 11 


saturation value is 67 6%, these results suggest that two of the hydroxyl groups 
take up acetyl radical easily while the third hydroxyl group in the glucose residue 
cannot be so easily acetylated It appears that some time elapses before the third 
hydroxyl group begins to take up the acetyl group It is evident that the transition 
phase from diaoetate to triacetate begins at this stage 

TABI.B I 


AettylaUd raw jvte fibre 



It can be seen further from Pig 11 that the curve becomes almost parallel to 
the time axis after 32 hours This shows that the acetic acid content becomes 
maximuTn at this stage and a saturation value is very slowly approached This 
value observed In the case of raw jute fibre is, however, slightly lower than that for 
pure cellulose acetate 
7 
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(b) X-ray moutiyation. 

In F]{^te Vn, Fig I represents the photograph of untreatei^sHI')'^^ ^ ^ 

corresponds to the fibre aeetylated for two hours. In this latter {diotograph aroer 
careful observation it can be seen that 101 and lol reflections are not so sharp as 
in Fig I and the spot 020, on the second layer bne has become elongated It shows 
that lattice has not yet been disturbed, but the acetylation has begun and it has 
disorientated the micelles So at this stage the reaction is purely micellar surface 
reaction This photograph (Fig 2) is mainly of cellulose rather than cellulose 
acetate. Fig 3 which corresponds to acetylation for 4 hours is nearly the same as 
Fig 2, but the pattern shows that the acetylation has advanced further However, 
the pattern still retams some characteristics of that for cellulose Fig 4 represents 
the diagram of acetylation for seven hours, which is also a mixed diagram Ftg 6 
corresponds to the diagram of acetylation for eleven hours and Fig 6 represents 
that for 20 hours These two phot<^raphs are practically the same Here the 
obhque reflections have nearly disappeared and 101 and 101 have become so 
ddfuse that they cannot be identified The shape of 002 spot has also remarkably 
changed From all these it seems that herefrom the acetylation phase, i e the 
formation of triacetate has just begun This is also evident from the curve drawn 
with data obtained by chemical analysis Figs 7 and 8 represent the photo¬ 
graphs corresponding to the acetylation for 32 hours and 48 hours respectively. It 
can be seen £rom these |diotographa that the ongmal oblique reflections have totally 
disappeared and a new elongated structure has appeared on the different layer 
hues The equatonal spots have also changed remarkably in size and shape, out 
the position of the 002 spots remains the same Fig 8 which corresponds to the 
acetic acid content of about 65 6% is the diagram for the final aeetylated product 
obtamed from raw jute fibre This diagram mffers appreciably from that obtained 
by Hess and Trogus in the case of aeetylated cellulose with the same acetic acid 
content It appears that this difference in the nature of the X-ray diffraction 
patrterns of aeetylated ramie and raw jute fibre obtained by treating toe fibres 
under identical conditions for the same time is due to the presence of into percentage 
of lignm in jute fibre. From toe constitutional pomt of view, both of owulose and 
lignm, it IS seen that hgnm cannot be so easily aeetylated as cellulose So the per 
centoge of acetic acid content after complete acetylation becomes different Since 
lignm acetate is present along with cellulose acetate m the product obtamed with 
raw juto fibre, the crystal structure of the product is different from that of pure 
cellulose acetate The X-ray diagram of cellulose acetate obtained from delignified 
jute fibre is reproduced m 9 It can be seen that the structure is the same as 
that of ceUulose aoetate obtamed from ramie by Hess and Tromia (Fig 10), but 
it is different from that obtained from raw jute fibre This uiows that in the 
aeetylated raw jute fibre bgnin is present and it makes the structure different from 
that of pure cellulose aoetate In the case of delimiified jute fibre the percentage 
of acetic acid content has been found to be 00% which is slitotly below the thecnretii^ 
maximum value and is the same as that obtained by Hess and Trogus. After 
calculating the spacings it has been found that the identity penod, i e the length 
of b-azis, remains the same, e g. 10 Zk in the case of cellulose aoetate obtained from 
raw jute fibre So it is evident that lignin plays an impiNtant part m the acetyla¬ 
tion l^ocuss but it keeps the b-axis unc^ng^ even after libmplete acetylation 

Xhe difference in X-ray patterns obtained from acetyUsed jute fibre and aoety- 
lised ramie is due also to the size of micelles In a previous communication (Sirkar 
and Saha, 1046) it has been shown that the length of micelles In ramie is about 
lOOoA sod toe width is 00 to 7ol., while in the case of jute the micelles are at 
most lOoA long After acetylation toe miodlee In jute film being shorter, beeome 
more disorlmtated than those in reunie fibre. So the spots in toe pattern frur 
7“ 
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B^ylated jute fibre are more elongated than in the pattern for cellulose acetate 
obtained &om ramie 

(c) The. ktnettcs of the reaction 

coi^to of reaction is graphically represented m Curve I, Fig 11 The 
reaction appears to be a bit comphcated The velocity constant Ki for unimolecular 
reaction has been calculated from the equation, 

^ = K^{a-x) . .. . (1) 

■where a the initial concentration of hydroxyl groups and x is the amount converted 
The velocity constant for bimolecalar reaction is obtamed by using the equation, 

. .. . . ( 2 ) 

An at'tempt has been made to calculate the values of Ki and from the curve m 
Fig 11 These values are given m Table TI 


Tablp n 


treatment 


Ki X It.* 
(tinimolooular) 


K,xlO« 

(bunolocular) 


It can be seen easily from the above table that neither Ki nor is constant 
throughout the course of reaction If we consider the first portion of the Curve I 
(Rg 11) before the discontinuity, JTg varies slowly but Ki vanes very rapidly 
Hence the reaction is more of bimolecular type than unimolecular But some other 
factor must be considered m order to explam the vanation of 

It may be that at the beginning of the reaction, the estenfying agent first 
reacts with the surface layer and gri^ually it enters into the mtenor of the fibre 
where again the reaction sets in So it is to be conceived that the reagent enters 
by ^e process of diffusion In diffusion phenomena it is well known as shown by 
Ostwald {vt^ ^knrada) that the course of diffusion of an organic hquid can be 
expresmd in the form, 


where I is the diffusion path and t the diffusion time, K and m are constants. As 
the direct measurement of diffusion path is not practicable, here in this case x, the 
amount of reagent reacted, has been taken Insteed of I, as has been dime by Sakmrada 
(1932), 

. . .. (3) 


Maud £ can be found Iqr plotting logs against log (. The values for the two portions 
of the Curve I, Hg. 11 obtdned from Fig 12 are given in Table HI 
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STUDIES ON FERRIC-THIOSULPHATE COMPLEX BY COLOBIMETBIG 
METHOD 

By BABtm Chahdiu Haldar, M. 8e, and Scxxjhab Bansbjse, MJSc., Umveratty 
CoUege of Sctenee, Calcutta 

(Communioated by Dr P B Sarkar, D So , F N I.) 

(RtMtved May 2fl ; rtad AuguM 1, 1947 ) 


iKTBODtTOTIOH 

It has been observed by all that a deep violet colour is developed instantaneously 
when ferric chloride solution is added to sodium thiosulphate solution or vtce 
versa Copper salts have an appreciable acceleratmg influence on this reaction 
so that the deep violet colour dirappears much more rapidly m the presence of 
copper salts, than in oopper-frae solutions When the reaction is carried out m the 
presence of thiocyanates which serve as mdicators for the feme salts and also slow 
up the reactions, very small amounts of copper can be detected, by comparing the 
time of decolonsation by thiosulphate of a copper-contammg and copper-free 
ferric salt solution This method was actually employed by Himn and Lembaoh 
(1922) for the detection of small amounts of copper and the bmit of identification 
was found to be 0 02% copper The appearance of the violet colour is usually 
assumed to be due to an unstable complex formed between feme chloride and sodium 
thiosulphate, but the exact nature of it is not known very precisely Holluta and 
Mutini (1924) tried to trace the uutial acceleration of the reaction, ferric chloride- 
sodium thiosulphate solutions, but were not successful They, however, attempted 
to explain the violet colour formation as due to a complex Fe(8j08)g where the 
complex ion is negatively charged. Schmid (1030) is of opinion that the complex 
is Fe(S(Os)^ and not Fe(S80s)^. He has also calculated the mstability constant 
of the complex Pe(SgOj)'*’ and gives its value as X = 66 6x10“* at IS^C. whore 

K =» - )(SsOs ) chief difficulty m determining the nature of the 

[Fe(S,08)-^] 

complex and its instability constant was to find out a suitable method to follow the 
reaction Xlthou£^ Schimd tried to solve the problem by potential measurement 
at different fixed points in a glass tube through v^ch flowed under constant pressure 
a mixture of acid ferric-ferrous-chloride mixture and thiosulphate solutions, it is 
expected that the e m f. noted by him may not be the true e m f of the system 
fenio ohlonde-sodium thiosulphate solutions under static condition Moreover, 
the potential recorded within such a small period of time (within 3 mins) is not 
expected to be the true revwsible potmtial of the system Bo we have tried to 
fioQow the ferric ohlonde-sodium ^oeulphate reaction by oolonmetrio method. 
By the help of a ^otoeleoetaio colorimeter the decrease in intensity of the violet 
OMOur with tune can be easily noted. Now this decay in colour noted in trans- 
missioa scale is fotmd to give a linear relation with time. Considering the fact that 
the develoTunrait of the violet colour is v«y rapid compared.to its decay, H can be 
Bsr^rrrffd that the eonoeutration of the complex is greatest at zero-time. So if the 
steai^t line obtatoed by plotting pdwmitage transmission i^;4inst time be 


YOU XIY-^c- 1. 



B o wAT.nAK. A a BAirxBjsa STVDoa on 


extrapolated to zero-time it will out the transmission axis at a point where the con¬ 
centration of the complex is greatest Thus the amount of complex mixing 

known volumes of the reacting solutions is known in transmission scale. jSy applying 
P Job’s (1928) continuous variation method, it is now possible to know the nature 
of the complex and also to deternune its instability constant 

Theory —^The contmuous variation method applicable to the imperfect mole¬ 
cular and ionic aggr^tes is due to P Job Accotdinx to it, the variation m one 
physical property of a mixture of two solutions from which the complex is formed, 
is studied against composition of one of the reacting constituent keepmg the total 
volume of the mixture constant Frequently it so happens that a suitably chosen 
property becomes a maximum or minimum for a mixture of a particular composition 
One is then to admit that this particular composition is the mdex of the formation 
of a complex whose formula precisely corresponds to this •maximum composition’ 
This method is called the method of ‘contmuous variation’ Suppose the complex 
which we want to study is formed accordmg to the equation 

mA+nB^AtnBn (I) 


A solution of A of molar concentration C and of B of concentration C, where C — SC, 
are prex>ared A volume x of the second is mixed with a volume (1 —x) of the first, 
and let ns assume that this mixture is produced without any contraction or expansion 
m volume 

Let Cj, Cj and C* be concentrations of A, B and AmBn respectivelyFor any 
mixture, the following equations apply — 

. . . ( 2 ) 
Ci+mCt^C{l-x) .. .. .. (3) 

Ct+nCt’=BCz .. • (4) 

The concentration Cs of the complex depends only upon the composition x of the 
given mixture It Wl be sufficient, therefore, in order to obtam the maximum 
composition to wnte that 

dC,ldx => 0 . (6) 


By differentiating equations (2), (3) and (4) and combining the resulting differential 
equations with (2), (3) and (4) we get the general equation 


[{Rm+n)x-nY ** 

w-i „«-i (Jl-if+o-i 


=ir[«-(m+n)x] 


( 6 ) 


When B 1, that is, for equimolecular solutions the left-hand side is zero. Now 
K oannot he zero, theiafma 

- 0 or ^ .. .. • (7) 


Eenoe firom a knowledge of the maximum composition x, the formula of the complex 
ean be determined from the ratio m/n taking the simplest values for m and n. 

When the solutions are not equimolecular, the wiaTlmnnn oomposiUon depends 
both upon the oonoentrati<ms of the two primary solutioiis and on the instability 
constant K. The value of this maximum composition determines, with help 
of the equation (6), the instabihty ocmstant K. 

The abioiptjon of monoohromatio li^t is a suitable property for this method, 
htwm complex ions are often different ookmred from thW oomponsots. Also 
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the absorption of light is proportional to the oouoentration of the absorbing species 
which IS one of the necessary conditions of the continuous vanation method. 

Generally the value P of this property will depend m a more or loss simile 
manner on the concentrations C’j of the three constituents A, B and AmBn 

m solution giving P =f{Ci, C^, 0%) When the property in question depends 
only upon the concentration of the complex, as m our case, the value of the property 
as a function of the composition of the mixture, passes through a maximum or 
minimum for the maximum composition itself, i e. dP/dx = 0 


Exfebimkntal. Details 

Percentage of light transnutted due to the complex-formation was measured 
with Lumetron photoelectric colorimeter model 400G of Photo-volt Corporation, 
New York The apparatus is so designed and cahbrated that the scale gives per¬ 
centage transmission directly Reagents used were of extra-pure quuhty All 
solutions were made m copper-free redistilled water (tested for copper by Rubeanic 
acid reagent] Solutions of sodium thiosulphate were standardised against standard 
diohromate solution lodometricatly Feme chloride solutions were alro standardised 
with standard dichromate solution using diphenylamine sulphonate as an mtemal 
indicator Dilute solutions were all prepared by dilutmg stock solutions of strength 
NjlO kept m Jena bottles and were used imme^ately after their preparation The 
absorption due to the complex m the visible region is between to 650 mp • 

and so the measurements were made at two different wave-lengths 490 mp and 630 mp 
Moreover, the absorption due to unreacted feme chlonde is negligible m this r^on 
Each measurement was earned out as follows — 

The galvanometer needle was set exactly on sero mark of the transmission 
scale by means of zero adjustment knob The power cord was then connected to a 
SIX volt battery On and off switch was then thrown off to the on-position and the 
instrument was allowed to warm for a few mmutes Now the desired filter was 
placed m the path of the hght beam The tube containing redistilled water was 
placed m the light path and the needle was set exactly on 100 mark of the trans¬ 
mission scale by means of the controihng knobs The test tube contammg redistilled 
water was then replaced by a test tube contammg a known volume (10 o c to 18 e c ) 
of one of the reactants Definite volume of the other reactant was added &om a 
graduate pipette while stirrmg with a dry glass sturrer The total volume of the 
solution was 20 o o The mitial stirring was continued for 6 secs, only and then the 
stirrer was removed The first readmg was taken after 10 secs Then after each 
6 or 10 secs the position of the galvanometer needle was noted for 30 to 80 secs 
Percentage transmission was then plotted against time and the straight hne obtained 
was extrapolated to zero-time In this way different graphs were obtained by 
mixing different proportions of the reactants and noting the transmission with time 
The transmissions at zero-time were then plotted agamst composition and the resulting 
curve showed a minimum So from the position of the minimum in the curves of 
different equi-moleoular solutions the formula of the complex was fixed The m- 
stability constant of the complex was then determmed from the minim a m the 
curves of non-equimoleoular Bolntions with the help of the general equation (6) 

Each reading was repeated thnoe and the results were found to agree within 
half-a-division of the transmission scale. 


We are giatehil to Mr B Mukbetjee, M.So , for kmdly photographing the absorption 
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Strength of FeClf golution 3f/75, Strength of Mdium thiosulphote • Af/76{ Wovelength 

used — 490 m/i 


(a) Vol of FeCli aolution 
moo - 18. 

Vol of Ntt-th>o«ulphate 
solution moo — 5. 


(6) Vol of FeCl, Mlation 
moo «- 14 

Vol of Ka thiosulphate 
•olution in 0 0 «■ 6. 


Time m secs 

% trana 

Tune in secs 

% trens 

10 

30 8 

10 

26-0 

20 

86 0 

20 

82 6 

80 

41 0 

SO 

406 

40 

47 0 

40 

486 

60 

640 

60 

66 6 

60 

600 

60 

84-0 

70 

66 6 

70 

71 6 

80 

73 0 

80 

78 6 

90 

79 6 

90 

84 0 

100 

86 0 

100 

89 0 


(f) Vol of FeClj solution 
moo - 13 

Vol of Na thiosulphate 
solution m 0 c =7. 


(d) Vol of FeClg solution 
moo •> 1 A. 

Vol of Na thiosulphate 
solution in c e » 8. 


Time m secs 

% trans 

Time m secs 

% trans 

10 

236 

10 

21-0 

20 

30 6 

20 

SI 6 

80 

39 0 

30 

41 6 

40 

47 0 

40 

61 6 

60 

64 0 

60 

60-6 

60 

61 0 

60 

68 6 

70 

68 0 

70 

76 6 

80 

76 0 



90 

80 0 



100 

860 
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(g) Vol of 7eCl( aohztlon (A) Vol of FaCl| sohtlion 

in c.o — 0 m o c. 8. 

Vol of Nn-thioaulphnto Vol. of Ka-tluoeali>b»t« 

sohitioninoo —11 solution in o o —12 


23 0 
29 5 
37 0 
44 S 
SO 6 
57 6 
62 5 
67 5 


52 0 
69-0 
66 0 


(t) Vol of FeCl, solution 
moo - 7 

Vol of Na thiosulphate 
solution m 0.0 — 13. 


ij) Vol of FoCU solution 
moo — 6 

Vol of Na.thiosulphate 
solution in o o — 14. 
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Tabu 2. 


Tabu 8. 


StmngthofFeCUsoln MIT 6. 
Stren^h of SfO* aoln » Af/75 
Wavelength used — 490 m/i. 



Vol of 
Ka^StOg soln 

Vol of 
FeClg soln 

%tTanBroiBeion 
at lerO'time 

6 

16 

20 0 

6 

14 

16 0 

7 

18 

13 6 


12 

120 

9 

11 

11 0 

10 

10 

9 0 

11 

9 

12 6 

12 

8 

16 0 

18 

7 

20 0 

14 

« 

24 0 

16 

6 

80 0 


Tabu 4 


Strength of NagSgOi soln -• Jtf/IOO 
Stren^h of FeCU soln ~ Af/100. 
Wavelength used ~ 630 m/i. 


Vol of 
NagSgOg soln 
in c 0 

Vol of 
FeClg aoln 

%tran8mi8sion 
at zero<time 

6 

16 

42 0 

6 

14 

31 0 

7 

13 

26 0 

8 

12 

22 8 

9 

11 

21 0 

10 

10 

200 

11 

9 

23-0 

12 

8 

27 6 

18 

7 

34-0 

14 

6 

39d> 

16 

6 

46-0 


Tabu 6 


Strength of XagS.O| soln = Af/60. 
Stren^h of FeCl* soln =» Jlf/60. 
Wavelength used «= 630 mji. 


Vol of 
NagSgOg soln 

Vol of 
FeClg soln 

%tran8miB8ion 
at zero-time 

2 

19 

31-0 

4 

16 

10*0 

6 

16 

68 

6 

14 

40 

8 

12 

1 6 

10 

10 

0 

11 

9 

4 6 

12 

8 

120 

13 

7 

l$-6 

14 

6 

26-0 
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Tabu 7 

Strength of Na,S,Ot «oIn. - ^/lOO. 
Stren^h of FeCSf soln Jf/SO. 
Wavelength used — 490 tn^ 



Strength of Na^O, soln. — Af/800. 
Strength of FeCl* toln — Af/100, 
Wavojength lued ^ 030 


Tabui 0 

Strength of Ka(8|0> soln = Jif/60. 
Strength of FeCU 8(An a ilf/lOO. 
Wavdengtb used 490 
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Tabm 10. Tabm 11 


Strength of Na,S,0. soln - Af/20. Strength of N»td«Qt aoln.. Jf/800. 

Strength of FeCl, soln — A#/200. Strength of PeCl, 

Wavelength uaed — 530 tnfu Wavelength used •<« oSD mji. 



Instability oonstent of the oomplex 









riiRBxc-aeiosxn,PBATX oomflsx by oolobocbtbio hbthod. 



VOlOf Ala,S,0,SOllNCC><7 
VOt Ot ft c/j sot ItJ CO ft 


VPlOFNa,StOt SOlUVCC-5 
voter feCIt SOlTMCOtS 
■ voi Of Ita^SjOi SOtfl/VCC’ 6 
VOt OF hCI, SOLlliVC.C '}^ 
\/a Pf<Va,S,OjSOtiMc.C- 7 
VOlOF f«C/4S0lf|l\lCC.*15 
~VDt OF/VatijOj ieirwcc ♦ 8 
• VOl Of feCii son liycX‘12 

. VDi Of mtOjt^soivs c.c, • te 

VOl Of IVaiStOj SCI //Vf.c -1C 


TfHi i(v sees 


STPfN<irn Of sol- 

STpe/verPcf hct^soi . 

VJMf UlS&rp (MSfP . 
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Disoossiob 

Careful examination of the curves which present the studies with solutions of 
different but equimolecular concentrations, reveal that the maximum composition z 
IS mdependent of the concentrations of the primary solutions and of wavelength 
used, smce all these curves show minima at the same pomt, i e feme ohlonde- 
sodium thiosulphate equal to 1 1 The mstability constants determmed at four 
different concentrations of ferric chloride and sodium thiosulphate solutions are 
fairly m agreement with each other considermg the foot that the temperature was 
not kept constant (varied from 24° to 26*0) and m calculating the constant wo 
used concentration terms and not activities It is also mdependent of wavelength of 
hght absorbed by the complex Although our conclusion as to the nature of the 
complex IS in agreement with that of Schmid, our value of the instability constant 
differs from that of the latter A shght difference m the two values of the instability 
constant is expected smce Schmid’s value of £ = 66 6xl0~‘ is at 18°C whweas 
our value is b^wemi 24® and 26°C Such a large difference is, however, mainly duo 
to the different experimental conditions and method employed by Schmid More¬ 
over, the potentials measured within such a short period of time and under fiowiiig 
conditions may not be the true reversible e.m f of the system. So it is expected 
that our value of £ u likely to be nearer the true value than that of Schmid. 

In qpite of the remarkable oonoordanoe observed in the above determinatiems 
of £, the precision of these experiments must not be over-estimated. Though for 




nOtBlO-TBlOStnf HATH OOMKjnt BY OOIABnOTBIO MBTHOD. 


11 



S0t« M CC>ff 
FuCl^ SOLfL i/IICje-9 
NoiSiCi SCtA IN CCW2 
l«clj sm IN CC> 8 
/VOjSjC^ $0lfilNCC>i3 

hCia SOIH |MC.c.-r 
NajSaC^ SOt«fMCC'fV 
ncla SM4^f/%CC>4 
**■ 

r*cts scilt IN U--S' 




^JPtN^W Of m /kOiSzOs SOI - 
$TRflMG7H0fm fmch SOl - "/«- 

WAVS LsmiH a Sip 


the estimatiou of the intensity of the ooloor much improved and precise method 
has been employed yet it is not possible to determine the maximum composition x 
with a very great exactness Let us determine, for the six experiments, the relative 
errof made m the determmation of K. We have 


(7[(it-H)a;-l]« 
^ “ (i?-l)(l-2a:) 


( 8 ) 


It is found that the above values for dif/if ate 40 dx, —38 5 dx, —16 6 tfct, 11'2 dx, 
40 da, —40 dx. It is impossible to measure the maximum composition to more than 
1'0%, that is to say, that dx is 4t least equal to 0 01, the most favourable experi¬ 
ment then *»ntails an error of about 11 2% Thus the common idea that the inter¬ 
mediate violet colour is dhe to ttie oomplu Fe(SgOt)i triuoh has found place even 
in standard text-books (Text Booli Of QvalUat%v6 Chemical Awtlynt by Vogel; 
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Text Book Of Inorganic Chemtetry by Partington) cannot bo supported by phytioo- 
chemical evidences. 


SCMMABY 

1 The reaction between feme chloride and aodium thiomilphate solutions, has been 
stu<lied by colorimetric method with the help of a photoeleotrio colorimeter 

2 The intermediate deep-violet colour developed by the interaction of ferric chloride and 
sodium thiosulphate is duo to the complex Fe(SgOf )"*■ 

3 The instability constant of the positively charged complex has been determmed by 
Job’s continuous variation method and the mean value is found to be 2 22 x 10-* at 
temperatures 24® to 26®C 

^Our best thanks are due to Prof P B -Sarkar, for his keen interest, helpful suggestions, and 
all laboratory facilities during the progress of the work 
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A CYTOLOGICAL INVESTIGATION ON THE GENUS PHLOBOBA 
(ACRIDIDAE) 

By Mmra Kuhab Dutt, Department of Zoology, XJnweratty of Cdkvtta 
(Communioated by Dr P N Bhadun, M So , Ph D , F NI) 

(Re£e%ved June. 27, read August 1, 1947 ) 

Intboddotion 

During a course of investigation on the phylogenetic relationship between the 
various groups of Indian Acndids, we encountered with two different forms of grass¬ 
hoppers belonging to the genus Phloeoba Both the types were captured from the 
adjoining the Biological Laboratories of the Calcutta University In this 
paper wo shall call them form ‘A’ and ‘B’ Form ‘B’ is morphologically distm- 
guishable from form ‘ A ’ by (1) the presence of two yellowish stripes across each of the 
compound eyes and (2) a pair of parallel stripes of nearly the same shade running 
across the two lateral aspects of the thorax and the gonae and meetmg at the frons 
(Figs 1 and lo) In all other respects they were exactly similar The specimens 



Fio 1 Phloeoba ap Form *B’ Fio lo Phloeoba ep Form ‘A’ 


wwe sent to Dr B P Uvarov of the Imperial Bureau of Entomology, London, for 
identification Dr Uvarov identifies them as two separate species without, however, 
assigning any specific names for them They were also sent to Dr B R 
Seshaohu of Bangalore, and he is of opinion that both of them belong to the same 
species and identifies them as Phloeoba anguatviorsxs 

A thorough oytological investigation of the two forms was thought desirable 
to find out, if possible, any constant difference between them either m the morphology 
of the chromosomes or m the details of their chiasma behaviour during meiosis. 
Dertailed oytological studies of form ‘A’ was done earher and is being pubbshed 
dsewhere (Ray Ghaudhuri and Dutt, 1947) 

The present paper reports a detailed study of form ‘B’ and compares the data 
so obtained with those of the other form studi^ previously 


Matxbial and Mbthods 

Adult testes wete dissected out in Ringer ‘A’ and fixed m medium Flemming 
fmr seoUcming. Belting’s modification of Nawaschin mixture was found suitable 
for Mnear preparaticms. Sections were cut at 25 to 30 miora in thickness and stamed 
in iodine-otyibhl-violet andFeidgen stam An overnight premordanting in 1% 
ehrcmio acid was found neoessaiyr to give the best result with crystal-violet staining. 
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Obsebvations 

The chromoaome complement —^The number of chromoBomIftw flO m the male, 
with 11 pairs of aorooentno autosomes and a similar X chromosome There are 
two dot shaped chromosomes and they lie m most cases at the centre of the plate 
(Fig 2) The second division metaphase ohromosomes are more suitable fw metrical 



Fio 2 Spermatogomal metaphase of Phlotoba sp X 2062 

studies because they are generally very well spread Five such selected nuclei 
were drawn under camera luoida and the lengths of the different chromosomes were 
measured Table 1 gives the mean lengths of the chromosomes in miora 


Table I 

Tabulatum of mean length* of second tpermatooyte ehromotomt* 
The figure* \n daltee represent the et» chromototnet 


Chromosome 

typo 

Mean length in 
mjora 


Form'B' 

Form‘A’ 

Long 

4 77 

4 77 


4 36 

4 44 


4 03 

4 12 


3 42 

3 44 


3 18 

3 21 


3 00 

2 &9 

Medium 

2 64 

2 82 


2 27 

2 66 


2 12 

2 21 


1 77 

1 83 


1 63 

1 66 

Short 

1 Oft 

1 06 


Chromosome behavtour dttrtrtg metosia —Chiasmata are distributed at random 
at di^tene. Some of the bivalents at this stage are found to be attached ter- 
mlnaUy by very fine threads which am Feulgen positive (Fig 3). TVlietheir these 
associations are between heteroohromatio segments of different ohromosomes as 
claimed bv Slack (1938) in CorixidAe, Sohradw (1941) m pentatomidB and l^omas 
aitd ReveU (1946) In deer is not known. 
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The aex chromosome at metaphase frequently forms an apoeesory plate like 
other grasshoppers and shows irregular stammg behaviour previously noted in the 



7lo S Diplotene of Phloeoba sp showing interbivalent conneotjons X 20S2 

other species of grasshoppers (Ray Ghaudhuri and Dutt, 1947) A large number of 
bivalents at this stage show an understained segment in only one of the chromosomes 
of a homologous pair (Fig 4) These are probably undercharged heterochromatio 
s^ments (Darlington and IjaCour, 1940, Callan, 1942) 



Fio 4 First meiotic metaphssa of Phloeoba sp , showing heterochromstic segments X 1375 

The first division anaphase is quite normal except for the occurrence of a bridge 
without a fragment (Fig 6) Thu may be due to stickmess of the chromosomes 



Ita 5 First division anaphase in Phloooba sp., showing stickmess of Chromosome x 13SS 
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caused by an^Uw action of the centromere befrae the lapsing of attraottm between 
the chromatids (Qingstedt, 1938). ^ 

The orientation of the chromosomes on the metaphase pSfl'of second division 
IS often peoubar The bodies of the chromosomes in these oases lie within the 
spindle substance with the attachment region, os usual, on the edge (Tig 6). The 



Fio e Second divimon met«ph*»c plate m Phlctobn sp x 1780 


daughter chromatids at this stage remain in most cases closely apposed just like 
those of somatic mitoses, but occasionally m one or two chromosomes of a com¬ 
plement, the chromatids are fully separated so as to he in a straight hne (Fig 6). 
This may ^ due to attraction between the chromatids developing after the orienta¬ 
tion of the chromosomes on the spmdle and therefore, the chromatids which fure by 
chance far apart cannot be pulled together when the force come mto play The 
chromatids at this stage often show an external sign of a spiral structure 

Chtasma fr^iwncy —The frequency distribution of chiasmata per nucleus is 
shown m Table u The frequency ranges between 14 and 23 at diplotene, between 
14 and 20 at diakmesis and metaphase The chiasma firequen^ per nucleus shows 
a progressive reduction from diplotene to metaphase (Table II) The differences 
are, however, not statistically significant 


Tabi,b it 

Frtq^iency dutnbution oj tJttcumata m thrte tiaget oj mnotu 


stage of 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

No of 

nuclei j 

Mean No ofXta 
per nuoleut 

Sigmfloanoe of 
diHerenoe 

D.p 





6 

4 

3 

6 

2 


26 

19 12± 1 86 Tj 

T,-T, -2 8*2 6 

Dia 

2 


2 

6 

7 

6 

2 




26 

17 72±186T, 


Hot 


6 

6 

2 

4 

4 

t 



L 

26 

16 88tl76T, 



An analysis of the chiasma frequency in the three different types of bivalents 
olassified as long uid medium were undertaken and the data are shown in Table Ul. 
Short bivalents regularly form only one dblasma and are therefore not included in 
the Table. 
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Tabu III 

Ohuuma frtgumexa wi the tong and medium bwalente 


Qtm of 
meiOBif 

No of 
nuclei 

1 Percentage of bivalents 

1 Long typo j 

j Mediam typo 

1 Xma ] 

2Xta 

3Xttt 

4Xta 1 

j 1 Xma j 

2Xto 1 

3 Xta 

Dip 


00 

30 0 

1 

57 3 

66 ' 

60 3 ' 

46 7 

40 

Bia 

26 

s 0 

63 3 

37 4 

1 3 

61 7 

36 6 

1 7 

Mel 

26 

2 6 

66 0 

41 3 

00 

71 4 

28 6 

00 


Relationalup of chiasma frequency with the length of the chromosomes are 
shown in Table IV The chiasma frequency la not found to bo directly proportional 
to the length of the ohromoeomes 

Tabus IV 

Length and ehuuma frequency relatvonahtp tn the long, medium and ehort btvalenls 


Typos of 
oliromosomes 

Mean length in 

second div 
metaphaso 

Xma frequency 
per biv at 
diplotene 

Long 

4 44 

2 70 

MuUium 

2 60 

1 63 

Short 

1 06 

1 00 


Term*nal\aat%on —The termmahsation coeflBcient for three different types-of 
biralents at three different stages of meiosis has been shown in Table V The 
process of termmahsation either results m a reduction in the number of chiasmata 
from diplotene to metaphase due to one or more than one ohiasma fusing 

Tabuo V 


Termmalitation eoeffiaenta m the three typee of btvalerUe at dijfferent atagee of metoeta 


Chromosome 

No, of 

Stage of 

Total 

Term. 

Term, ooeff 

Significance 

type. 

nuclei 

moiosis 

Xma 

Xma 


of diflerenoe 


26 

Dip 

203 

21 

10± 02Ti 

T,-Ti = 16± 03 


26 

Dia 

174 

32 

18± 03T, 

T,-T, = 07± 04 


26 

Met 

179 

46 

26 ± 03T, 

T,-Ti •= 03t 03 


26 

Dip 

269 

70 

26 ± 03Ti 

T,-T, » 04*-08 

Medium 

26 

Dia 

246 

56 

22 ± 03T| 

T,-Ti - -02*-0* 


26 

Met 

226 

66 

281 03 r* 

T,-T, - 06*-08 


26 

Dip 

26 

21 

841-0711 

Ti-T,- 20*.12 

Short 

26 

Dia 

26 j 

20 1 

80 ± 08T, 

Ti-T, - d)4*.10 


26 


26 

16 

64t 09T( 

Tt-T( - 16* 12 
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at the end of the chromosome, or m an morease in the number of terminal ohias* 
mata without actually reducmg the total chiasma frequency. In the present study, 
however, it is seen from the data on significance of difference shown m Tables II and 
V, that none of the two facts holds good so far as the mediuinam the short types 
of bivalents are concerned The long types of bivalents, however, sTiow a statistically 
sigmficant mcrease m termmalisation coefficient It is to bo concluded, therefore, 
that the chiasmata remain more or less stationary between diplotene and metaphase 
in the medium and short types of bivalents A statistically significant increase m 
termmalisation coefficients from diplotene to metaphase although quite rare amongst 
the grasshoppers was also found in Attractomorpha sp (Ray Chaudhun and Bose, 
1948) 

DisonssioK 

A careful measurement of the chromosomes of form ‘B’ shows that the chromo¬ 
somes of both the forms are almost identical in size (Table I) The sex chromosome 
in the Acrididae is largely made up of heteroehromatm and is therefore potentially 
capable of surviving alterations of size m phylogeny than the euchromatic auto- 
somes A difference in the sizes of the sex chromosome was, however, not found 
The X chromosome is not only fourth in the senes according to size m both the forms 
but also gives an almost identical measurement at the second spermatocyte meta¬ 
phase stage The nuclemation cycle of the heteroehromatm m the various stages of 
mitosis and meiosis in different sub-famdies of Acrididae appears to be similar 
(Ray Chaudhun and Dutt, 1947, Ray Chaudhun and Bose, unpublished, Ray 
Chaudhun and Manna, unpublished), and, therefore, a difference in this respect in 
the forms compared is hardly expect^, none was found either 

Turning to our studies on chiasma frequency in the two forms, we find that 
the total number of chiasmata per nucleus is sbghtly higher at diplotene in form ‘B’ 
and sbghtly less m diakmesis and motaphase Table VI shows the relevant data 

Table VI 

Comparison oj total chuuima frequencies at different stages in the two forms 


6tago of 

j Mean No of Xta per nucleus 

Form ‘B’ 

Fonn'A’ 

Dip 

l»72±l 

18 95±1 48 

Dio. 

17 72±1 86 

18 06*1 09 

Met 

I«88tl 

16 62*0 96 


Smee we expect changes in chiasma frequency at different temperatures (White, 
1934), significance of differences obtamed m the two forms reported above were 
not calculated statistically, because the studies on the two forms were done on 
niatenal collected at different tunes and therefore are hardly comparable. 

Our analysis of the chiasma frequency in the long add medium type of bivalents 
shows a real and sigmficant difference In form ‘ B ’ 6 6% of long bivalents have a 
chiasma frequency of 4, whereas the maximum number of chiasmata m form ‘A’ 
m their longest bivalents is 3, Similarly, m th6 medium type of bivalents form ‘B ’ 
has a much higher percentage (4 0%) of bivalents with 3 Xta as compared with that 
of form ‘A’ (0 6%) In order to avoid error of comparing chiasma frequencies 
under different conditions, both the forms were again collected and fixed on the 
same day and the frequencies of chiasmata for long and medium bivalents at 
diplotene were determmed. A large number of nuclei were examined and the 
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resulta agree with our previoas obeervations, when the studies of the two forms were 
done separately (Table VII) A difference m the nature of the length-frequency 



O I c s 4 s 

LCNOTN or cmOMOSOMC 


Obath 1 Showing chiomoHoino length und climsma frequency relationship m the two forms 
of PhloAoba sp 

curve m the two forms as is shown in graph 1, is the result of the above facts, 
because for the same length of the chromosome, form ‘B’ has a dofimtely higher 
ohiasma frequency for long and medium bivalents . 

fABlK Vll 

Chtasma frequencies t» the long and me hum types of bivalents at diplotene tn forms ' B' and ' A\ 


Fomu 

1 Long typo. | 

1 Medium typo 

1 Xma 

2Xta 

3Xta 

4Xta 

1 Xma 

2 Xta 

3 Xta 

‘B’ 

00 

30 0 

67 3 

06 

60 3 

46 7 

40 

‘A’ 

1 

29 

49 3 

47 8 


49 1 

60 3 

06 


A difference in the terminalisation coefficients between the two forms is also 
quite clear. The long bivalents in form ‘ B ’ show a statistically sigmlioant difference 
(16± 03) between the terminalisation coefficients at diplotene and metaphase, 
whereas form ‘A’ does not show any such difference 

How far ohiasma frequency can be taJeen as meiotic constant for a particular 
qiecies we do not know as yet A large amount of work on closely relat^ species 
and TUieties occurring in the same loc^ty is needed before we pass any final judg¬ 
ment on point. Similarity of ohiasma frequency does not of course show {fiijdo- 
genetio relationship but whether such differences as we have noted above can occur 
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in two vaneties of the same speoiee, we oannot say jnst now. At least is a ease 
where two closely related forms hare revealed a constant oytologioal difference in 
their chiasma frequencies where accurate metrical studies of iSbaeiteomosomee have 
failed to show any such difference 

SUMBCABT 

1 Two closely related forms of grasshoppers belonging to the genus Phioedba 
were discovered and a study on the chromosomes behaviour was undertaken In 
order to determme, if possible, any constant oytologioal difference between them 
correlated with their morphological difference 

2 Number, size and the morphological features of the chromosomes in the 
two forms are almost identical 

3 The long and medium bivalents of forms ‘ B ’ defimtely show a higher chiasma 
frequency even when the forms are studied under similar condition of temperature 

4 It has been pointed out that without extensive studies between closely 
related forms of grasshoppers, the full imphcations of the above findings cannot 
be realized 
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Introduction 

Uke othfflr Mahseers, the Copper Mahseor, Barhua (Lissochilus) hexagonclepia 
McCldland is a popular game fiw and according to Shaw and Shebbeare (1938, 
p. 38) weight for weight, there is nothmg to choose between this and the deep- 
Dodied Mahseer, Barbus (Tor) tor (Hamilton) The Copper Mahseer, durl]^ 
bree^g season is known to go to the fogher reaches for spawnmg purposes but the 
recent researches (Hora and Ahmad, 1946) have shown that this speoies can be made 
to breed m tanks also and can also be stripped Like Trout, the Copper Mahseer 
can be stripped and like Muror Carp it can be induced to breed m tanks If the 
fish IB not stripped m time, it deposits its ova m suitable place in the tank. Theo¬ 
retically, once a tank is properly stocked with this fish and suitable conditions for 
its breeding provided, one needs only to thm out his stock from time to time 

Although the fish is well known for its sporting quahties, nothmg is known about 
its development Recent articles of Hora and Nair (1943), Hora (1944), Langdale 
Smith (19i^) and Hora and Ahmad (1946) have, however, thrown some light on ito 
breeding habits 

In the present article a short account of the early development of the fish, 
based on the study of material obtamed as the result of artificial fecundation, is 
given 

My thanks are due to Bai Bahadur Dr 8 L Hora for givmg me facihtlee for 
carrying out this important piece of research and to Messrs 8 K Chakraborty and 
R^-nd-^ Edian of the I^rectorate of fisheries, Bengal, for supplying me some 
devdopmental stages and also information on certam points 


1 Though popularly known as a vanety of Mahseer by anglers, it is not a true Mahseer as Its 
labial Boove is interrupted m the middle It la a flsb of the Barbel type 
• ^blished with permisUon of Diieotor of Tubenes, East Bengal. 
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MATBBIAIi. 

The material for the present study was ohtained as the result of artificial ferti- 
hzation, except the larva desonbed as stage No 16, which T jgs oo lleoted from the 
terraced pond at Kalimpong The first 12 stages deBoribwrWthls paper were 
collected from Eunglee Runghot m 1946, while the stages Nos 13-16, wwe obtained 
from Kalimpong in 1946 

In 1946, the fertilized ova (Hora and Ahmad, p 6) were transferred to hatchmg 
trays, which were kept in a shallow pool with a gentle, continuous flow of watw 
At Kalimpong two typos of hatching trays were used, i e , (i) ordinary trays, with 
fine wire-gauze as their bottom, and (u) trays with wooden bottom instead of wire- 
gauze The first category of trays were internally lined with mosquito curtam so 
that the ova by commg mto dneot contact with the wu-o-gauze may not get injured 
and also that silt may not get into trays and produce unhygienic conditions In 
the trays with wooden bottom pebbles of various sizes were spread m order to provide, 
as far as possible, natural environment for the development of ova and larvae Both 
types of trays wore m turn placed m a big wooden trough and a oontmuous current 
of water was set m it Near the entrance of the trough a break plate was fixed so 
as to break the force of the current as soon as it entered the trough The trough 
was water-tight so that some water always remained m it and at no stage was there 
any chance of its drying up At the bottom of the trough near its outlet an opening 
was provided for cleanmg the trough, this opening could be controlled and regulated 
by a wooden plug 

Spawning Sbason 

The factors favounng spawning have already been enumerated m an earher 
article (Hora and Ahmad, p 6) It was observed (loe ctt, p 7) that its breeding 
season had been recorded to be May June by some and August-September by others 
But the recent observations made at Kalimpong reveal that the breedmg season 
of the fish extends from April with mtemiptions to October 

The tank at Kalimpong is situated at an altitude of about 3,600 feet The first 
sign of sexual excitement of the fish m this tank was noticed on the 28th of April 
IMO and the fish were caught and stripped on the 30th April The maximum 
atmospheric temperature on the 30th April was 81'F and the mmimum was 68®F 
while that of water ranged from 77°F to 67°F during that day There was no ram 
on the 28th and the 2^h April while local observatory recorded 0 53' ramfall on 
the 30th April After the 30th Apnl the fish did not show any sign of sexual activity 
for about four months but it was renewed agam m September and that month was 
found to he the peak period in the spawnmg of Xath at Kalimpong as shown m the 
table below — 

Tcinperaturn Atmospheric 

Number Number of water on temperature 

of ntules offeroalne the day on the day 

witii size with Bizo- 

Sam 5pm Max Mm 

Two, 10' One, 20' TS"!*' SO-F STF 71 

and 1-' 

One, 7' One, 12' 73 S-'F 76 8’F 8(.°F 72‘’F 

Two, 12' Two, 2.' 

and 16' and 21' 

One, 12' One. 1 ft' 71 °F 76°F 78°F 70‘’F I 0 AO' 

Two, 8' One. 17' 70 S'F 72 6°r 77 6°F «6 6°F Nil 

and 10' 
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On the other hand, at Eunglee Runghot, as has been stated in the previons 
article (Hora and Ahmad, p 6), the fish were stripped on the 8th, 0th and 24th 
August and Ist and 10th of September It follows from the observations recorded 
during the last two years that although the peak period m the spawnmg of this 
fish 18 August and September, it begin8 to shed ova from the month of April Further 
observations at different altitudes will show whether the breedmg season extends 
right from April to October or durmg some of the months there is no sexual activity 

Ovaries and ovarian ova 

Dunng the breedmg season ovaries contam innumerable ova m various stages 
of development A Kath caught on the 11th August, 1046, fi«m the terraced ponds 
at Runglee Rangliot (Diet Darjeeling), measured 21J^' m length, weighed 3| lbs 
and possessed ovaries, each measurmg 4 6 mchos m length and weighmg 4 tolas 
(approximately 1 7 oz ) Another Kath secured from the same pond and on the 
same day, had ovaries weighmg 2{ tolas (approximately 1 oz ) and 4 inches m length 



The ova obtamed from those ovaries wore of various sizes (Text-fig 1) suggestmg 
that all the ova m an ovary do not become ripe just at the same time. 

Ripe unfektiuzed ovum 

At the time of shedding, the ova are almost translucent and yellowish in colour 
These are spherical m outlme and measure from 2 3 to 2 6 mm ui diameter They 
are demersal and settle down at the bottom, when shed m comparatively still water 
The yolk is devoid of oil-globules and the ovum is closely surrounded by a smgle 
thick egg-membrane 

Embevonio development 

Stage 1 —^Fifteen mmutes after fertilization The ovum collected fifteen 
mmutes after fertilization shows a thm blastodiso at the animal pole (Text-fig 2a) 
The periphery of the disc is thinner than the central portion and from its study it 
appears that c3doplasm m the yolk has concentrate to form this mass It is 
spherical in form and measures 1 2 mm m diameter in the specimen undw report. 
The egg-membrane is separate fixim the e^ proper and the small pwivitelline space 
in M of imbibed water, 
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Stage 2 —Two hours and fifteen mhiuteB after fertilization (Text>fig 26). The 
blastodiso is more condeoosed and prominent It is shorter m dlametw than in the 
earlier sti^e 



Stage 3 —Three and a half hours after fertilization (Text-fig 2c). The germinal 
disc has divided into almost equal halves Eaoh blastomffle hu rounded outer ud 
straight inner margms The cleavage of the blastodiso appears to have been almost 
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eontplete. The free edges of the blastom^es are quite prommont At the bases 
of the blastomeree, there is a layer of thin protoplasm 

Stage 4 —^Pive and a half hours after fertifization. (Text-fig. 2d) The blasto¬ 
derm oonsistB of 8 blastomeree From the study of a number of ova of this stage, 
it appears that before the blastoderm divides mto 4 cells, third set of furrows makes 
its appearance with the result that the ovum comes to consist of 8 blastomeres 



Tmnp-ria 3 —Embiyo formation In Barbvt {LttKxMua) hexagonoUpu McClelland, x 20 

(a) Egg showing formation of genn-riag. 

(b) Egg showing differentiation of emb^rmiio shield 
(o) Further stage In the formation of embryo 

(d) Embryo showing otooysts, eyes, somites, eto 
(s) Emln^ 62^ hours before hatohing. 

t, —Eye, so.—Embryonic nrsai -sso.—Extra embryonic area, —Embryonic 

fln.foMj sei»i».-*Embryo, Germ dng, m.—Effi membrane, Otocysti pp.~ 
^ Posterior pete of blastoderm, s.—Somites, yp.—Yolk-plug 
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The protoplasm surrovindmg the oeUs is leduoed and the oeOa stand out more pro¬ 
minently than m the last stage The blastomeres are much smaller than those in 
Stage 3 In some oases, it is noticed that 4 blastomMes resultmg from the division 
of one of the blastomeres of the two-oelled stage, rexnain quiCkaspsutite from those 
of the other 

Stage 5 —Seven hours after fertilization {Text-fig, 2e) There is no regular 
arrangement of blastomeres Eggs with 12,17 and 18 blastomwes are fairly common 
although a few possess 16 blastomeres also There is not much trace of the proto¬ 
plasm surrounding the blastomeres 

Stage' 6 —^Twenty-five and a half hours after fertilization The blastomeres 
have divided and subdivided formmg a mass of smaller cells, which have oovered a 
greater part of the yolk than m earlier st^es 

Stage 7 —Forty-two and a half hours after fertilization (Text-fig 8a) The 
blastoderm has covered almost half of the yolk The free margm of the blastoderm 
has become thickened to form a band-hke thickening, the germ-rmg {gr ) At one 
pomt the germ-rmg is thickened and broader, tins represents the posterior pole 
Ipp ) of the blastoderm 

Stage 8 —Forty-eight hours after fertilization (Text-fig 36) The blastodmm 
cells have covered more of the yolk than in earher stages At this stage only about 
one-fifth of the yolk remams exposed The embryomc shield is well developed, 
it IB tnangular m outlme and is distinguishable mto two parts, (1) a thickened ndge 
runnmg antero-postenorly, representing the axis (ea ) of the embryo, and (2) a thm 
sheet of protoplwm representmg extra embryonic area (eeo ) 

Stage 9 —Fifty-seven and a half hours after fertilization (Text-fig 3c) The 
blastoderm has completely grown round the yolk mass and the blastopore is closed 
The embryonic axis is more developed and it extends about two-thirds along the 
circumference of the yolk The region of the closed blastopore has thick mass of 
tissue while antenorly the embryonic area becomes narrow and ends bluntly 

Stage 10 —Eighty-one and a half hours after fertilization (Text-fig 3d) The 
embryo is well defined and is closely attached to the yolk The rudiment of eye 
(e ) is present but so far there is no pigment m it Otooysts (ot) ore present. 
Somites (s ) are distmgmshable m the mid^e of body 

Stage 11 —^Nmety hours after fertilization The embryo is slightly more elon¬ 
gated than m the last stage Head cavities are quite pronunent The embryomc 
to-fold 18 present m the form of a narrow fold surrounding the tail and extending 
forward both along the dorsal and the ventral sides of the b^y 

Stage 12 —One hundred and twenty hours after fertilization (Text-fig 3e) 
The lens of the eye can be seen The he^ cavities are not so prommoit as m the 
last stage The fin-fold is more developed Bebmd each otocyst, there is seen a 
rudiment of a gill-sht Pectoral fin appears as a small bud behmd each giU-sht 


Labvai. deyblofhent 

Stage 13 —^Newly hatched larva Six days after fertilization (Text-fig. 4o). 
The newly hatched out larva is almost colourless It possesses defieoted head, 
ventral mouth, elongated yolk-sac, bud-hke pectoral fins {pf ), otooysts and rudi¬ 
mentary gill-slits It measures about 6 2 mm m length The first batch of larvae 
hatched out at 103i hours and the last one at 190 hours after fertilization of ova 
Stage 14 —Six days old larva (Text-fig 46) The larva has grown m length 
to 9 3 mm The oontmuous fin-fold (e/) is quite wide and is much more developed 
than in the early stage The antenor-moet part of the fin-fold on the dorsal side 
has become enlarged to form the rudimout of the dorsal fin {df ) The posterior end 
of the notochord has bent upwards In the caudal region, rudimentary rays have 
made tbedr appearance in the fin-fold The qyes have developed pignient Figment 
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ia also distributed on the head and along the body, more so immediately below the 
notochord than above it 




XaxT no 4 —Larval developinent of Bnrbw (Lnutoehdw)) hexngmolepm MoOlelland 

(а) Newly hstohed out larva xl2) 

(б) 8i* days old larva X 12J 

(o) About one month old larva. X 9 J 

o/ —Anal fin fold, df —Dorsal 6n nidiinent, «.—Eye, «/.—Embryonic fin fold, 
pf ,—Pectoral fin, y» —Yolk sac 


Stage 16—Larva measures 1 \ oms in length (Text-fig 4c) The eyes and 
gills are well developed, dorsal fin (d/) is more prominent, yolk sac is reduced and 
the anal fin (o/) has m^e its appearance 

The above specunen was collected last year from a tank at Kalimpong and 
aocordmg to the statement of the owner of the tank, it is about a month old Smce 
there is no defimte evidence to prove the statemrait, nothmg much car be said on 
this point 


StTBIHARY 

B«rtnu (Lwochttus) heaxtgonoUpu McClelland can be stripped like Trout and by providing 
■lutabie oonditioDB can be Indneed to breed m tanka like Muter Carp 

The flah breeda friun April to October but the peak period reaches in August and September. 
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Sometimes ripe femelee yielded reletively few imt at a time liy s tri pp in g aUhou|^ itmiitnee. 
able ova m various sta^ of developihent were found in the owies. It follows ^t all 
ova in an ovary do not become mature at the same tune 

Ova are typical like those of other ciups Blastodisc appears 16 after fertiluatioo, 

2 celled stage la formed 3i hours after, 8-oelIed stage 2 hours later aua'fhe oells beotnne an 
irregular mass 7 hours aftra fertilization Oenn rmg makes its appearance when the ovum is 
about 42^ hours old At this stage tho blastoderm has mvested about half of the yolk Forty* 
eight hours after fertilization, only 4 of the yolk remains exposed and the embryonio shield 
Is well developed and is distinguishable mto an embryomo and an extra-eml^yonio area 

The embryo becomes well-defined when it attains an age of 81} hours At this stage 
the rudiment of eyes, otooysts and somites are clearly visible Embryomo fin-fold amiears 
about 60 hours after fertilization and lens of eye as well as rudiment of giU slits appear SO hours 

Incubation period was found to vary from 103} to 180 hours in different cases. Newly 
hatched out larva is almost colourless, possesses deflected bead, elongated yolk sao, bud«Iilm 
pectoral fins, giU slits and otooysts 

The antenoimost part of the fin fold becomes enlarged to form the rudiment of the dorsal 
fin, posterior port of the notochord bends upwards, ruduaentary rays make their appearance 
and eyes develop pigment when the larva becomes 8 days old 

b about a month old larva, eyes, gills, dorsal fin and rudimentary anal fin are clearly seen. 
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ABSTftAOT 

Thii work examines the TOseibitity of glow homologoim LOntrartion of stars imder quite 
general physical conditions, and obtains the rostriLlions neicsaary on the relation between opacity 
and Bul^toraio energy generation, as also on the density temperature field Some properties 
of the stellar models that satisfy these conditions have been investigated, and a tost with the 
oonditioDa shows the impossibility of such contraction by a strictly Cowling model 


§ 1 iNTftODUOTION 

In the current theories of evolution of stars the slow homologous contraction 
of stellar ooii%uration plays an important rdle The different stages of evolution 
are exposed to be attained by a stellar mass through contraction of this nature 

llie poesibdity of such change was examined by L H Thomas (1930) several 
years ago He came to the conclusion that slow homologous contraction of stars, 
m which there is no sub-atomic energy generation can take place only when the law 
of opacity satisfies ceitain condition, Kramer’s opacity formula conforming to this 
condition Further, the density and temperature fields should be subjected to 
additional restrictions To all this must also be added the condition for the stability 
of the entire configuration In view of the definite knowledge about the generation 
of sub-atomic energy within a star, which we now have at present, it is nece^ary 
to examine the question of homologous contraction from this point of view agam 
The object of this paper is a discussion of this problem Tho addition of a law 
of generation of energy complicates the original problem Nevertheless, it is shown 
that under very plausible assumptions (regarding the opacity of stellar matter and 
generation of sub-atomio energy), quite defimte conclusions can be reached. We 
have not, however, made any attempt to consider the stabihty problem here 


§ 2 Equations of homoukious ohangk 

Thomas’s discussion of the problem is based on the idea that the acceleration is 
negligible and the instantaneous configuration of the star is one of statical equi¬ 
librium, BO that the stellar mass at any tune is subjected virtually to the equations 
of mechamoal equilibrium The mfimteiy slow disturbance of the meohamoal 
equilibrium is supposed to bo brought about by thermodynamic causes It is the 
thermodynamic equations which contain the time dependent terms whose varia- 
tkm, howevei, is taken to be extremely slow. We adhere to the same concept m 


*SomB results of Qiis paper were reported «t the Thirty-fourth Annual Session of the 
ladian Soienoe Congress aikf an abetraot appeared m the Procetdmgs (Seotion—Physics, Sub- 
ssotioo—Asteoitbysios). 
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our present discussion and wiite 
(radial) as follows 

^_^dP ym 


general equations of the meohanioal motion 
( 1 ) 


4^Va~=l 

a being the mass enclosed withm a shell of radius r 
The equation of energy is 

/TO . 


( 2 ) 


( 3 ) 


S being the entropy F the rate of flux of energy and * the rate of generation 
of sub atomic energy per umt mass With Thomas we neglect r m equation (1) 
The total pressure is given by 

P « RpTJraT* (4) 

The left hand side of equation (3) imphes the rate of mcrease of heat energy withm 
a spherical shell of thickness dr while the right hand side stands for the mcrease 
of energy m the shell due to net flux of radiation across the boundaries and the 
sub atomic generation of energy 

To these we add the followmg thermodynamic equations 




( 6 ) 


Also F IS given by 


U 

F 


C, r+^ a3* 

/> 

l&n^ac ^ d2* 
~ 3 M ‘dm 


( 6 ) 


( 7 ) 


The seven equations (1) to (7) are sufficient to determme the seven quantities 
rPpTSFUaa ftinctions of m and t (« and k being supposed known functions 
of p and T) under given mitial conditions It is evident that a further restriction 
on motion will make the problem over determmed and consequently solutions can 
exist only under special conditions 

The condition of homologous contraction (or expansion) can be mtroduoed by 
the equation 

r(m t)»=ro(TO) f(t) (8) 

/(O) - 1 

We shall now mvestigate what special conditions should be satisfied m order that 
equations (1) to (7) may have solutions of the type (8) 

Thomas proved that equations (1) (2) (4) (6) (6) will be consistent with (8) 
only when the followmg conditions are satisfi^ 



(8A) 


(SB) 

I* 

(8f) 


(8D) 
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where the suffix 0 mdioatee value at t = 0 and /' signifies dfjdt The equations of 
this section were all given by Thomas 


§ 3 HoMOIXKJOUS OHANQB 17NDBB SOB-ATOMIO BHBBOY GeHBBATIOH 


In order to facihtate our discussion we assume that k and c follow power laws 
m p and T (the assumption being a plausible one), which we write thus 


k.K 

(9A) 

■-0 (fi)’ r' 

(9B) 

In what follows we shall write 




and 





Ehminating F between (3) and (7), substitutmg for k and t from (9), and using 
relations (8), (8A), (8B), (8D), which still remam vahd, we obtain 


To.(3Jl~C,} = i 


d / 16v*«c V dro* \ «o 

dm \ 3 jfco dm J 


To draw further conclusion from this we use the following 


(ID) 


Lemma If 

^i(m) /i«) = ^*(w) Ut)+4>3(m) Mt) (11) 

where i’s and f’e are (contmuous and differentiable) functions of m and t res¬ 
pectively and neither of them vanishes, then etther, 


and 


or 


flit) = A m = a MO 


Case II 


and 


if>i{m)m,A ^t(m) = B <^s(7ft) 


A and B being constants 

The result is almost evident and is easily proved as follows 
Dividing (11) by and differentiating with respect to m we obtam 


d 


(fi) 


A-o 


(llA) 
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The left-hand side being function of t only, and right-hand side bemg function of m 
only, both members must be constant Hence 

/, = const /i = g /t (say), . (13) 

substituting m (11) and dmduig by/* ^i, we have 


Case II 18 identical with case I, only the ^ functions now play the r61e of the 
functions / of Case I Analytically, it corresponds to the condition 


am 


in (11 A) Our lemma is thus proved 

Now coming back to our equation (10) and assummg SB ^ <7,, this bemg main¬ 
tained throughout this paper, we note that it is of the form (11), ^ovtdea 
Accordmg to the lemma proved above we must have, ettAer, 

m f-p-p (■’) 

and 

<■») 

(ID = .. 


/* r > 

In Case I we have from (17) 

Ao SB Bq, u «■ 


(20) 
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and 


/» r' 


fttmv implies Jm must be some power of p/T* 
!Etem (HA) we obtam, using /(O) = 1 


= /'- 2 >'X( 2 -v) 


(17A) 


(17B) 


r - Ao /*-- 


(170) 


/=[(v-l)Ao(+ir * 


(17D) 


We can now oonfim that oiu- assumption of f being a small quantity of second 
order is legitimate If Ao w a small quantity of the first order, /' will also be so, 
while / will differ only shghtly from umty, so long as t is small compared with 1 JAq 
In that case f, which is proportional to/', will mvolve Ag, and will be of the second 
order 

Contmumg our discussion of Case I, wo note that Equation (18) imposes a 
relation between Tq, Pq (the values of T, and p, at t = o) To obtain Tg, Po as 
functions of m completely wo have to use equations (I), (2), and (4) with Pg written 
for P, and similarly for other variables The equations m Pg, Pg, Tg, tg will then be 



( 21 ) 


( 22 ) 


Po = »7’o 


Ao. Tg (^R-C,) 


d ( nifiac 

dm \ .3 kg dm) 


(23) 

(18A) 


These equations are oo-variant with reganl to transformations (8), (8A), (8B), (8C) 
In case of (ISA), Aq, is transformed as 


r-* 

Hence the mass, density and temperature fields have the same structure at all 
times (which is only a property of the homologous change), only the parameter. A, 
changes from epoch to epoch 
fri Case II, we have 

. £ 


(3P-C.) Tg^ 


\TtJ 




(24) 


which if 65^0, imphes a polytropio relation betw^een Pg, and Tg Moreover, the 
initial distribution will thmi be detemmed by (21), (22), (23), and the first equahty 
of (19) wUdh we rewrite here as 


Ai m-C,) Tg 


16ffg«c J_(!± 

3 dm \ kg dmJ 


(26) 


Honoe the Cftse II for requires that (21), (22), (23), and (26) should hold good 
for a polytropio rdatkm between Pg and Tg 
3 
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It IS proved m the appendix that these conditions cannot he satisfied, and so 
the case has to be ruled out Wo are then left with the case 6 0 (24) 

then gives 


b n 0, /i = 1 indicates g^eration of sub atomic energy proportional to the tempera 
ture Equations (21), (22), (23), (26) then determine the uutial configuration while 
/18 obtamed &om (20), puttmg tWem /i = 1 The case * a 0 has not been mcluded 
m our discussion The case was considered by Thomas without assuming a definite 
law of opacity, like (9A) He showed that if « => 0, then for homologous motion 
to be possible 

i = 1 ' («0) 


This mdudes (9A) as a particular case Further, the initial distribution at any 
epoch should be determmed by equations (21), (22), (23) and (26), only m (26) 
should then mean The form of /(<) is dotermmed by Equation (17A) 

Equations (21), (22), (23), (26) require four boundary conditions to determme the 
configuration completely, and we can take the followmg as the boundary conditions 
dT 

r o» 0, -3— = 0 when m = 0, and f — 0, p = 0 when msa M (the total mass) 
din 


Thus the knowledge of M emd Ai detemunes the configuration uniquely 

It may now be noted that the case <ocT, can be treated exactly m the same 
manner By transposmg « ( = S ?) to the left hand side m Equation (10) we &id 
that h must neceesanly he of the same form as (90) The same difFerenti^ equations 
and the same boundary conditions as before determme the configuration here also, 
only /(<) IS now given by 


/ 

P 




mstead of by (17A) 

By oomparmg the results stated m the above two paragraphs we may conclude 
that (u» stars of the same mass and having the same law of opacsly, but with no generation 
of energy tn one, and generation secT in the other, when contracting homologously mil 
pass through the same set of configurations though at different rates 

Ih what follows we summarise all the other results obtamed m this section 
Wi(h restrictions (9A), and (9B), a necessary condition for slow homologous contraction 
of a Mar composed of perfect gas is 

Firstly, any one of the foUomng conditions should he satisfied 


( 1 ) k. 


(f*y 


8 being any number, 


(2) € oc T, 


(8) .-iO 

Secondly, corresponding to every k and « conforming to any of the above conditions a 
definite distribution of mass, temperature and density should prevail, viz, those dts- 
tributions given by (22), (22), (23) and (18A)for case (1), and by (21), (22), (23) and 
(26) for eases (2) and (3) 
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§ 4 Ghangb rsr Luminositt ttndbb BOMOLOooirs oobthaotiok 

We can oaloulate the ohange m the luminosity of & star which is undergoing 
homologous change It has been previously shown that m such a star for the case 


the relation 


from Equation (18) we can obtam the relation 


(26) 

Substitutmg from relations (8) (8A) (8G) (17A) and then mtegratmg from m ■■ 0 
tom mi M (the total mass of the star) we obtam 


(3ii-C,) J dm 




t \6n*ae 
— 


^*1 + r 


The first term on the nght hand side is —Fm where Fu means the rate of total flux 
of radiation at the surface and represents the lununosity of the star So wo obtam 
from the above equation 


»(Total s 


b atomic generation of energy)— j— (ZR—Ot) t 


(27) 


T being the mean temperature of the star but by (17A) 


f 


A 


(27A) 


whm« A could mean the velocity of expansion at unit distance from the centre 
Hence we conclude that the Lvmtnosdy of a star undergoing slow homologous contraction 
exceeds the total sub atomic energy generation by —A (3R—Ct) T m We can also 
directly verify that this last queuitity is equal to the rate of decrease of total mtemal 
(le thermal as well as gravitational) energy H of the star as follows 

Expressmg the mean temperature T m terms of the gravitational energy ~0 
(Chandrashekhar 1938) and replacing R by ((7,—f,) we obtam 


A (3R-G„) F M mi j fr (28) 

Now 

E (total energy) = —0 (gravitational energy) + V (mternal thermal energy) 


Hence 


dE 

a 


3C,-4C, 

3(6,-C.) 


3C,—4C, y m dm J 
3(C,-(7,)J^ rof f 



which taken almig with (28) verifies our result 


( 29 ) 
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15 A Fbofbntt of Homoloocus ohanoi 
Iht^atmg (26) fipom ♦» = 0, to»» = «t we obtain 

A{SS-C,) T(m) ^ 

^ 0 

The oorresponding equation in the case of equihbnum is obtained by leplaomg the 
left-hand side by zero The nght-hand side represents the excess of net flow of 
radiation, across a sphere enclosing a mass m, over the sub-atomic energy genoation 
withm this mass The left-hand side can be mterpreted as increase (or decrease) 
in equihbnum flux brought about by slow homologous oontraotion (or expansion) 
This IS an extension of a result enunciated by Milne (1930), viz , that every 
element of mass of a star with no intenial energy generation, while contracting 
homologously gains an amount of heat proportional to the temperature of the element 
This generation of heat, however, is to bo sharply differentiated from the mtemal 
(or sub-atonuo) generation of eneigy represented by « 

Now puttmg 

f « dm = £(»»)* = ^2^ (30A) 

•'o ^ 

wo write 

• <»B. 

[wh^ E = E{M)], an obvious result which we shall use presently. 

Now, substituting 

j* < ri(m) m 


in Equation (30) and dividing by (1), (romembermg that f *= 0) we get 


4«qc 1 ^ 

3 dP My ’’ 


(31) 


here 17 means ij(m) (31) together with (1), (2), (4) may now be taken as equations 
defining the configuration of a star (with given k, c, Aq, M) undergoing slow homo¬ 
logous motion It should be noted that A and E m (31) are parameters vailing from 
epoch to epoch We write Equation (31) in the form 


where 


k kT{m) . . . (32) 


R+ i 

' iiTOoy M 

r 

* *" A/ttaoy 


j 


.. (82A) 


* XbsM U's ate diflareat from the out oooorziag in the TTrerlous artiole. 
t This B u eutaely diflerent from B ooourring m 18 
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which iuTolyes is a small quantity, hence T(m) m (32) may he taken to be the 
equilibrium value of this quantity B and { here are parameters depending on the 
e;^h( 

We shall utilise Equation (32) to deduce some result m the next article 


{6 A HoHOlOaorSLT OONTBACnNO MODBL in THB NBIOHBOXmHOOD OB THB 
STANDABB MODBL 

Let US find the oonfiguration which can undergo homologous contraction under 
the condition h n const, and « a const (i e i) = 1) 

In this case the equihbnum configuration (corresponding to C = 0 bi (32)) is 
known to be the polytrop n = 3 Let us therefore seek an approximate first order 
solution of (32) m the form 

P=AT«+{ ^ (33) 

where A and { may vary with time We shall obtam A in torms of B and other 
parameters and also determme the form of ^(T) 

To the first approximation, Equation (32) can be written as (smce i; = 1) 

Bubstitutmg for P and p from (4) and (33) respectively, and then equatmg coeffi¬ 
cients of {, we get 

^ A 

and 

PA-i-| “ ™ ^ (35B) 


(35B) determmes A, and 2’(m) being known (as it corresponds to the equilibrium 
polytrop «3) (36A) detOTmmes <^'(T) Therefore ^(T) also becomes deter- 
mmed m form Thus the solution of (32) for tho case i =• const, and t ■■ const 
becomes known Further m this cewe v = 0, so by relation (30A) B = Bg, and B 
is a time-independent constant, so also is A as is evident from (36B) Further from 
(27A) and (32A) we obtam 


(o 


3(3B-C,) , 
4iraoy ® 


and therefore Co time-mdependent Thus in the p, T relation (33), A is an absolute 
constant, while C dowly vane8lvnth''’time We thus conolude that homologous 
oonfigurations in the neighbourhood of the standard model have their p, T relations 
govmned by equations (33) and (38) 


§ 7. On A OOMPABISON BBTWBHN THB HOMOUiaOTTBLY OONTEAOTIHO MODBL AND 
A 8FB0TAL 8BT OF BQUIUBBnTM MODELS 

We have sem that given i and <, the equilibrium configuration and the homolo¬ 
gously varying ooufiguration are given (m addition to a oommon set of equaticms) 
respe^vely by: 

1 dT* 3 B 


(36E) 
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and 


1 _£ 

h dP ^ drrocy * M 


3(35-0,) 

dTTOOy 


A f{m) 


. (86H) 


(36H) has only a smaU additional term on the tight-hand side over that m (36E) 
The quantity E in (36H) and (36E) involves the same constant 0, ocourring m the 
expression (9) for E Suppose now we thmk O to be dififerent m the above two 
equations In (36H) we consider the fixed value of 0, appropriate to the physical 
law In this equation E, as also A, will change from epoch to epoch {B = E^jf', 
A = Aoff'~^) lu (36E), however, we shall suppose that for the moment E is 
being ^culated from (9) m which O is now a vmiable parameter For different 
values of this parameter, E m {36E) will thus be different We now ask the question 
if m (36E) there exists a value E' ofE oorrespondmg to the value G' of (the variable 
parameter) 0, such that this equation may load to the same solution as (36H) at a 
definite epoch at which E of (36H) is calculated from the fixed value of 0 appro¬ 
priate to the physical law, stated before E and A of (36H) varymg slowly with 
time, our question means, if by ohangmg E m (36£) (keepmg the form of energy 
generation formula (9B) the same, but varymg only the constant factor C in the 
formula) it is possible that the equilibrium equation (36E) may give the same con¬ 
figuration as (36H) m which the right-hand side is slowly var^g with time A 

E ositivo answer to this question wiU mean that the successive configurations of a 
omologously contractmg star will be the same as a set of equihbrium configurations 
obtamed by quiokenmg up or slowmg down the process of energy generation uni¬ 
formly throughout the mass (by only slightly changmg the constant term C in the 
eneigy generation formula) 

This would require 

E'ri B3 (35—(7i,)Xconstx3' 

as a necessary condition 
From this it follows 

oc T 

which leads to 

e QC r 


(ijr-ocr 

This for & ^ 0 imphes a polytropic relation Wntmg const x T for e m (18) we are 
led to Equation (26) (with T written for Tq- ©to ) Hence Equations (21), (22), (23), 
(26) (with noughts dropped) will have a polytropio solution, but this has been ^own 
to be impossible m the appendix 
For ( IB 0, /i » 1 leading to 

< na eonst X T 

as a necessary condition 

To prove the suflScienoy of this condition let us put • 


in (38H) and 


€^0.T 


€^cr T 


In (36B). Thffli the two equations will be identioal if 

0'-0-(aB-0,) A. . 


( 87 ) 
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thus to every value of A, oorreeponding to an epoch, Uiere exists a value of C',. 
which makes the Equations (36E) and (36H) identical and smoo the boundary condi¬ 
tions are the same the equations will have identical solutions 

Hence we conclude that Miider reatnclums of energy generation and opacity 
represent by (9), ti w only when « ccT, that the awxeasive configuratwna of a homo 
logously contracting star mil be identifiable unth the equilibrium configurations obtained 
by only uniformly speeding up energy generation throughout the star in a definite manner 


§8 The point souhob model 

We have so far dealt only with stars having contmuous generation of energy 
We shall now consider the case of the pomt source model i o a star m which t *■ 0 
everywhere except at m =» 0, and 

ri6,r%« r* dT*-\ 

L~3~ 1 " 


Substituting from (8) (8A) (8B), etc, we find that E is mdependent of tune, 
also as 


it follows 


k^k^r 


kL = koEc (38) 

which is a necessary condition for a pomt source model bemg suitable for homologous 
motion 


§9 Homologous oonteaotioh not possible fob the Cowling model 

We now come to the discussion of the possibihty of homologous contraction of 
the Gowlmg model with the law of opacity and energy generation given by Kramer’s 
and Bethe’s law respectively 

Ihside the core which is m convective equihbrium there may be transfer of mass 
from one portion of the star to another If we neglect the kmetio energy of this 
mass motion as bemg of smaU order compared to other energies we can write the same 
equation as (3) of §2, but we are to remember that here the value of F cannot bo 
substituted ^m (7), as is here not due to radiation alone but moludes energy of 
convection also 

The distnbution of mass, dwisity, and temperature within the core is assumed 
to bo given by that of a polytrop n =3 for which 

Tacpi (39) 

and further we have the gas law (negleotmg radiation pressure for the Cowling 
model) 

P = BpT (4A) 

this last equation replacing (4) of { 2 

Equations (1), (2), (30), toother with (4A) determme P, p, T, r withm the core, 
and when these are obtamed S, U can be detomuned from (6) and (6) 

If homologous contraction takes place we can deduce from (1), (2), (4A), (6), 
and (6) the rdations (8A), (8B), (8C), (8D) (the same results will be obtamed if wo 
use (4) in place of (4A), i e if wo do not neglect radiation pressure) 

Now Bubstitutmg fimm (8A), etc , m (3) we get 

(a*-c.) T f —g+. 
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Integrating from m 


0 to the mterEaoa (denoted by ») 


J-, = I « dm-{ZR-C,) J J ^ 
= .0 dm-(3R^C„) £ j 


Iq dm 


( 40 ) 


F{, denoting the flux at the interface which should bo the same whether the in¬ 
terface IS approached from mside or outside 

Wo assume the eneigy production to be entirely confined within the convective 
core Outside the core where the equihbnum is radiative we have 


3 /I6v*ac r* 3TA 
^ V“3~ i 


r 

f 


Ihtegratmg this outside from mterfaoe i to m, and writmg, T =» T^fJ etc , we obtahi 


1 / I67r%C 

r\ 3 


ko dm j 


+F, <= {ZB-Cv) 




Eliminating Fi between (40) and (41), 
l&,r*oe 




(42) 


By the lemma proved m §2 we must have either of the following as a neceesary 
condition 

( 1 ) n-*' 

(2) J (i»n«=confltx J 2 ?, dm 


(2) IS obviously absurd as the upper limit on the left is arbitrary, and (1) cannot 
aim hold for the following reasons For Kramer’s law 


we have to put 


so that m order to satisfy condition (1) we must have 

•"te)’’’* 

(it being assumed that the generation of energy takes place only within the oon- 
veotive core) This is absolutely mconeistent 'idth Bethe’s law of energy generation, 
which can well bo represented by the law 


tocpT" 

where x may range from 16 to 19, wo have to put 6 ■« 1 It is moreover absurd, 
as for b > I the generation would doorease with rise of temperature 
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When th« generation ovorflowa the core we have Equations (3) and (7) holding 
for a portion outside the ooro, whence the conclusion ft tm v can be drawn as in §3, 
or t oc 7 ) both of which are excluded by the above argumwits 

Thus a Cowlmg model %a nd suitable for homologous contraction irrespective of 
whether the generation of energy ta erdvrdy confined wUhin the core or overflows it. 

In oonolusion I desire to express my grateful thanks to my professor, Dr N R 
8611 , for suggosting tho problom oixid ftlso for his constant interest and many helpful 
discussions 

AppBNrai 


We shall prove that tho equations 

= c t ; 




dm “ 
ivrj P^dr^t = dm 

where Po> Poi oonnected by the relation 

Po = PPo^’o+J “Pj 
cannot have a physically possible common solution 
Proof Dropping noughts we get from (3), (4), (1) and (6) 


? I f^['" 


( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 

(«) 



(8) 
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At this stage let us note the following as neoessaiy conditions for a possible solution 
(i) As from (3) and (4) 


■-7 


^3C i dr 


but as (m)T _ o must he finite (bemg the total mass of the star) 

J dr 


^1 


a finite so that for ra < 3 


must be finite that is 


must be positive and finite 
For n > 3 


m... 

[®L 

must be positive and finite 

(ii) (dl /d|)* =■ 0 for some firate positive value {T = Tc) of 3 We shall now 
show that (8) cannot satisfy these conditions We shall prove that m order to 
satisfy (i) 6 > 0 so that all terms m the numerator of the B H S of (8) become 
positive so that no positive value of T can make dT/d( vanish so that (u) cannot 
be satisfied Proof of & > 0 Case I n< 3 
To satisfy (i) 

either (1) A *= n+2 and A < 6 

or (2) A < n+2 and A = 6 

or (3) A = n+2 and A = 6 

(2) gives n > 3 and (3) gives n = 3 So they are ruled out For (1) we got 

f^Y 6 _ b 

6>0 

Case n n =a 3 
To satisfy (i) 


?>0 


Casein n>3 


(§)' "l>» 

b>0 


(n+l)AT«-»+^(A-3+n) 



O. BAHDYOJPADHTAY OH 810W HOMOLOGOOS OOHTBAOTIOH OH STABS. 43 

haro to satisfy (i) 

either (1) 8—A—»s=0 and A<6 
or (2) A e= 6 and 8—A—»>0 

or (3) A = 6 and 8-A-w = 0 

Gases (2) and (3) are ruled out as they give n < 3 and n «» 3 respectively For (1) 

Thus proving that 

6>0 

m all oases and thereby estabhshing our theorem 
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PABALLEL DISPLACEMENT AND SCALAR PRODUCT 
OP VECTORS 
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(Communicated by Dr N R Sen, D So , P NI) 

{Recewed February 24, read August 1, 1947) 

ABSTBA.OT 

la this papei it is shown initially that the consideration of an arbitrary parallel displacement 
of a vector in a Biomanman space gives rise to an associate 1 parallelism depending on the change 
m the scalar product of vectors in a particular manner and some properties involving the two 
kinds of parcel displacements of vectors round an mUnitcHimal closed circuit are deduced 
The MBSTai form of a parallelism with symmetric connection is then established from which 
WeyPs parallelism is easily deduced On impoemg oertam condition a connection between this 
paraUelism and the Levi Civita parallelism u finally given tlirough the introduction of an ortho 
gonal ennuple m the space 

I Let us consider an n dimensional space with the hypotheses that the 
metric of the space is given a quadratic differential form 

ds* = gijdx^dxt (1 1) 

aa m Riemanman geometry, and that there is, m the space, a law of parallel 
displacement of a contravanant vector defined by 

dP+rl^VPdxt^O ( 12 ) 

as m geometry with affine connection The covenant denvative of a tensor with 
respect to the T’s or rather with respect to the parallelism (1 2) wluch we shay 
denote by the notation , (comma), is constructed m the usual manner, as for example, 
for a mixed tensor Tj* of the third order. 



80 that the oovanant differentiation of the sum, difference, outer and inner product 
of tensors obey the same rules as ordinary differentiation 

The convention of summation with respect to mdioes, when they occur once 
above and once below, is followed throughout, but other il’s are retamed 

On account of the existence of the metric (11), the oovanant and contravanant 
components of a vector V are, as usual, denved from cme another by 

Vi = g,jVf, V* = g»Vj 

and the scalar product of two vectors U and V is given by 

n*r, = u,v = gi,u*p - g*^u,v, 

It therefore foUowi from (1J2) that 

dF,» d(g„F‘) = [|g -pulX] 
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Aocoi^ngly, 

dVt^fiV.dxf (12') 

where 

/5,-r'„+.V. 0 3) 

The equations (1 2) and (1 2') give the increments of the oontravanant and oovariant 
components respectively of a vector V due to the parallel displacement (1 2) Smoe 
we have identically 

the parallelism (1 2) can as well be defined by (1 2') 

With the parallel displacement (1 2) we can associate another parallel displace¬ 
ment defined by 

dr+T^^Vfdxt^O . (14) 

where is defined by (1 3). For the parallel displacement (1 4) we have 

= . , (14') 

giving the increment of the covanant component The parallelism (1 4) can as well 
be defined by (1 4') 

Using the notation, (semi-colon) for the covanant derivative with respect to 
(1 4), it can be easily seen that 

. ( 16 ) 

Therefore (1 3) can be wntten as 

; • • ( 13 ') 

From (1 6) it 18 seen that the change m the scalar product of two arbitrary vectors, 
when the vectors are given the pa^el transport (1 2) along any direction, is equal 
but opposite m sign to that when given the parallel transport (1 4) along the same 
direction Obviously, when the sc^ar product remams unaltered for either paral¬ 
lelism, the two paraUehsm become one and the same The square of the length of 
a vector is of course a particular case of the scalar product 

It may be seen that the scalar product of two vectors remams unaltered when 
one of the vectors is given the parallel transport (1 2) and the other its associate 
( 14 ) 

The relation between the second covanant derivatives of the g^’s with respect 
to (1 2) and (1 4) can easily be obtained from (1 3) and (1 6) It is seen that 

f>P,.n+lfp,. a “ r9i,,.+9^,,9i,,r+lfpt,i9„,.)’ 

Therefore 

n-9p,. J+i9p,. ,-9p,, „) - it^9p,, 1 {9ir, -9i,,,) 

= .. (16) 

2, Let 


. ( 2 . 1 ) 
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b« the curvature tensor formed with respect to (1 2) Similarly, let be the 
curvature tensor formed with respect to (1 4) It can then be seen from (1 3), 
(1 3') and (1 6) that 

=’ V+lff. ».(^- •?^)} (2 2 ) 

— ll^[0it.]k~gu, hi+ga. (2 2 ') 

Now if we put 

<iif* = = 

then it IB well known that dif* is tho change m the contravariant component 
of a vector f when the vector is earned by ^uirallel displacement (1 2) round the 
infinitesimal closed curemt (da;, S®) Similarly, is the change of tho vector 
when taken by (1 4) round the same circuit 

Also, from the nature of the two parallel displacements, 

It therefore follows that, for an arbitrary vector ij, 

(2 3) 

And from (2 2) it follows that 

m(di-diW => {ga.ik-gsi,H+ga,m(r^^-TX)}Vv*d3!>Sx'‘ (2 4) 

The geometrical significance of (2 4) can be seen as follows 

IS the change of gti^ri*, i e, of the scalar product of the vectors f and ij, when 
the vectors are given the parallel displacement (1 2) along dx. And 

{g^jk+gu, -gmt.,iZ -o^jiT^Vv^dx^izO 

18 the change in the scalar product of the vectors f and ij when*the vectors are 
given the parallel displacement (1 2) first along dx and then along ix Therefore, 
the right-hand side of (2 4) gives the change m the scalar product of the vectors 
f and 1 } when the vectors are given tho parallel displacement (1 2) round the closed 
circuit (dx, 8®) 

Hence, when a vector £ is given one of the parallel displacements (1 2} and (1 4) 
round a closed circmt (d®, 8x) m one sense and then the other in the opposite sense, 
the scalar product of the change of ( on account of such displacements and an 
arbitrary vector t) is equal to, withm sign, the mcrement in the scalar product of the 
vectors { and i; when the vectors are transported simultaneously round the circuit 
once, and this increment is numerically the same whether it is calculated with 
reference to (1.2) or to (1 4) 

This result is exactly what we could expect from (1 S) and (2 3) 

Again let 

dF'+Ai/^<i*« “ 0 . .. .. (2 5) 

be any other parallel displacement, and be the curvature tensor formed with 
leapeot to this parallelism 
Put 

^ “ ^iik' 
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Then 



A geometnoal significance of may be seen as follows Consider the scalar 
product 

and let the covariant and contravanant vectors be given respectively the parallel 
displacements (1 4) (i e , the associate of (1 2)} and (2 6) firstly along dx and then 
along hx So, for the general increment of the scalar product over these displace¬ 
ments, we have firstly 

And then 


Interohangmg j, k and subtraotmg, by which the vectors are brought back to the 
startmg pomt round the mfimtesimal parallelogram (dx, Bx), we get by (2 6) 

3 Let 

. . (sd 

be the symmetno part of Similarly, let be the symmetrio part of 
Then from (1 3) 

. (32) 

Kow, consider the parallel displacement of a contra variant vector defined by 

dV'+v'^V^dx^^O (3 3 ) 

and denote the covanant derivative with respect to (3 3) by the notation ( ) 

with a subsenpt It can then be seen that 


where | ^ [is the Chnstoffel symbol. Therefore firom (3 2) we obtain 
Ipq) 

But firom (3 1) 

9pi,t+l/tt./>+{llft,i'^{(l!pt}t+{9^}p+(ffpi)i . • (8 4) 

Hence finally 

v;, * l^j+i<l“to#r)i-(<f#<)»--(<l|iW 


(8.6) 
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Thii iB tile ^erol form of relationship of the parallelism (3 3) with the Levi-Gvit# 
p^ehsm m our space. It is of course eviderit that (3.3) reduces to the Levi- 
Civita parall el i sm on imposing the condition that the scalar product of two vectors 
remains unaltered when the vectors are given the parallel displacement (3 3). 

It is at once recognised that Weyl’s parallelism is obtamed from (3 3) by writing 
down his oharactenstio equation (Weyl, 1921), namely 

and thus gettmg from (3,5) 



For the geometry of Weyl’s space, as is well known, we have to impose the condition 
dS+Sdu = (^ 

where 8 is the scalar product of two vectors and dS its change due to parallel dis¬ 
placement (3 3) of the vectors 

We now suppose that the parallehsm (3 3) possesses the property that the 
length of a vector remams unalte^ when the vector is given this parallel displace¬ 
ment »n the d%reeiwn of the vector Then (3 4) vanishes, that is, 

i9p<,)r+i0,r)pM9rp\ 

“ =0 (3 6 ) 

Accordingly (3 5) reduces to 

The equations (3.6) and (3 7) can easily be deduced from one another 

4. We now propose to study the parallelism (3 3) defined by the property 
(3.6) from a different standpomt 

Let ns specialise an arbitrary vector field h, m the space by laying down the 
condition thai the scalar product A,F* remains unaltered when the arbitrary vector 
F is given the parallel displacement (3 3) m the direction of V while ht is given the 
local displacement in the same direction Then 

or, {hp),V*r^0 

{hp)i+(K)p"0 . . (41) 

In order to obtam an exphcit expression for the vLi 1®* % l»® functions 
of the x*s specifying n linearly independent vector fields and satisfying the condition 
(41), namely 

(*Mf+("*V)F-0 

or 

. 
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denotes the oofaotor of “Af m the detenniiuuit {‘Afj dirided by this determi¬ 
nant, then (4 2) gives 



It IS evident that this expression of is so far independent of any metno of the 
space 

Among the possibilities of the expression of consistent ■with (3 1) and (4 3), 
■we may mention the following 

(»' Q “■» w 

where is an arbitrary tensor which is skew in the mdices p and q The auto* 
parallels are of course the same m all these cases as m the case (4.3) 

When the T’s are expressed as m the case (1), the x>aralleliim (1.2) is the well- 
known distant paraUehsm or teleparallehsm (Weitzenbock, 1923) for which 

where 18 defined by (2 1). The differential equations (1 2) possess, in this 
case, solutions which are Lnear m the V’a Also is the oondition of oom- 

patabibty of the partial differential equations 

(44) 

We can therefore choose the solutions of (4 4) as the fundamental metric tensor. 
Obviously m this case and the sodhw product of two vectors remains 

unaltered for this parallel transport 

When the parallelism (1 2) is defined by either of the oases (2), (3) or (4), we have 
and, if the q/j’a are chosen as the solutions of (4 4), 

and the length of a vector remains unaltered when the vector is given any one of these 
parallel transports in the direction of the rector 

6. Having obtained (4 3) we can find all the metrioes compatible with (3 6). 

A particular solution of (3 6) is 

. 

where a and are any two of the numbers 1, , n 

For, differentiating (6 1) cmd using the equations (4 2) and (5 1), it is seen that 
(3 6) is satisfied. 

On account of the Imearity of the equations (6 1), the sum of any number of 
particular solutions, each multiplied by an u'bitraiy constant, is a soluticm. Thus 
the most general solution of (3 6) is, the c’s being constants. 


(5.2) 
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The reeult (6 2) may also be obtained from the following xtonsideration. 
When (4 1) IB satisfied, the differential equations 


da 


0 


(5 3) 


of the autoparallel with respect to (3 3) admit the foUowing homogeneous linear first 
integral (Eisenhart, 1^) 

daf 

^ = oonstant (6 4) 

For, differentiating (6 4) covariantly with respect to x*, multiplying by dx^fda 
and summing for k, wo have, by virtue of (6 3), 




Thus (4 1) IS satisfied In a similar way, when (3 6) is satisfied, the differential 
equations (5 3) admit the homogeneous qua^atic mtegral 


duc^ difl 
da da 


constant 


(5 5) 


The constant is here equal to umty, siace a is the arc of the curve 

As m the last article, let with their reciprocals Jd, be functions which 
satisfy (5 4), namely 


dx* 

da 




where a** is an arbitrary ccmstant. 

Putting a*a^ = 6*^, and substituting in (6 5) we obtam 




This can be satisfied when gp^ has the form (5 2) 

6. It was seen in the last article that when the mtegrals of (5 3) are 


the most general metric satisfying (3 6) is given by 

where = 

If we select one of these metnces, we can replace the X^’s by hnear combinations of 
them so as to secure 


Therefore, when the parallelum (3 3) is defined by (4 3) and (3 6) and is compatible 
with a given metric (1 1), we murt have 
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Hence 

•• •• ( 6 . 1 ) 


This shows thAt %’s form an orthogonal ennuple 

The parallelism (1 2) consider^ under case (1) of §4 together with (61) is 
Emstem’s teleparallelism (Einstein, 1928) 

The parallelism (3 3) defined by (4 3) and (6 1) has been studied by the author 
(Sen, 1946) We may mention here a connection between this and the Levi-Civita 
parallelism 

If and ft are the contravanant and oovanant components of a vector f, its 
components referred to the orthogonal ennuple, i e to the local system, are 


Let 

. (6 2 ) 

Then, if the notations 8 and d be used to denote respectively the morements 
with reference to the Levi-Civita parallelism and the paralleliam considered here 
along an elementary path cW, we have m consequence of (3 7) and (1.2), 

8W«dP+/'. BV,=>dV,+ft . .. (63) 


The equations (6 3) give the required connection, where, by (6 2), the oompo* 
nents of the vector / measure the rate of change, with respect to the arc, of the 
scalar |uoduot of the vectors V and dx '«^en these vectors are given the parallel 
displacement under consideration m the directions of the vectors of the ennuide. 
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NON-STATIC ELECTROMAGNETIC FIELDS WITH SPHERICAL 
SYMMETRY 

By V V Naeukab and P C Vaidya 
{Received March 3, read March 7, 1947 ) 

Abstract 


Of the field eqtiationi of electromagnetism m general relativity there is only one solution 
known of sphenoal symmetry, vis., the static solution for an electron. A new solution of 
spherical symmetry, whioh is non-statio m character, is given here. 


We oonaider here the usual field equations (Eddington, 1930) 

o'-\Og^ = -6rrT'^ , . ( 1 ) 

It H fn 'I 

where 

r’'=. . (2) 

It no * It ap • 

Fity = {Kn)Y—{Kv)li > • ( 3 ) 

(4) 

and 

Ffi IS the potential four-vector, i/'* is the charge-and-current vector and 
the skew-symmetncal field tensor We proceed to obtain a non-static solution 
of the form, 

da* o: -e* dr*-r« difl)+eV dt‘, . (6) 

A-A(r.t),y-y(r,<) 

A new solution satisfying the equations (1) is found to be given by 

= . (7) 

where /18 an arbitrary function of m such that 

/(«)«»*'. . (8) 


In the above and throughout what follows an overhead dot denotes a differentiation 
with regard to t and an overhead dash denotes a differentiation with regard 
to r. The surviving components of Tjj are given by 


-I’ll 




ivmr* 


.r*!- 


m 

4wr«* •• 


( 9 ) 
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It IS obvious from (7) that if 


d 

dr* 




dm 

07 


0 , 


(10) 

( 11 ) 


m being oonsidered, for the sake of defimteness, n^ative 

Since n» jrt 0 and all other oomponents of except the four given m (9) 
vanish it follows from (2) that 

Fta = 0, Fu » 0, f 12 - e(A-yw2 Fu, F^ = F^ . (12) 

Thus all the components of F^y become known if f’i 2 and Fig are determined Por 
the latter we have from (2) and (5), 



(J'i 2 )H(-f’i»)“ co8ec*9=^l- m'/iit. 

(13) 


3^12 dFit 

3^ 33 

(14) 


o 

< 

1_1 

■ (16) 



. (16) 

A complete solution of (3) and the last four equations is presented by 


where 

Ai - 0, Aj « 1^2, Aa » A* = 0, 

(17) 



(18) 


cos3 sm (^+/S) . Bm3co8(^+/J) 

** “ [1 -sin* e sm* (^+/J)]* ’ [1 -sin* 6 sm* (^+/S)]‘ ’ 

(19) 

and 


(20) 


•• • 

. (21) 

/3 18 an arbitrary constant in (19) /'‘is now given by (4) A particular solution 

has been already pubhshed by the authors (1947) 
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A REVISION OF THE GENUS PHYLLOSnCTA IN INDIA. 


G C DA C08TA and B B Mchdkcb 
{Head February 7, 1947 ) 

Thirty-nine HpeoioH of PkyUoetKta are reo{»*ded for India (excluding one speoiee 
from Burma) by Butler and Bisby (1931) and aut more by Mundkur (1938) Of the 
latter, PhyUostxeta ecliUirta on leaves of apple is stated to be a doubtful record by 
Uppal in a personal oommumoation Smoe then three more species, PhyUoeixcta 
baculiformxe, Phylloeticta eulata and PhyUoaUcta zxngiberta, have been add^ to the 
Indian fungous flora, bringing the total, excluding the doubiiul and the Burman 
records, to 47 species In the collections at the Herb Crypt Ind OnerU , there were 
aeveral undetermined speoimens of which seven, on determination, were found to be 
new records and six to be so far undescribed species, which arc therefore proposed 
as new 

The genus is represented by 1,640 species in Saooardo’s SyUoge Fungorum of 
which 500 are considered vahd by Ainsworth and Bisby (1945) Species ate usually 
proposed as new m this mnus on the assumption that there is host-speoifioity, but we 
have, before proposing we species described m this paper as new, taken care to see 
that they did not match with the deeariptions of any species reported on the host' 
famiR or order The total number now recorded for li^a is sixty 

The genus has undergone considm-able emendation since it was hrst proposed 
by Persoon Several species of PkyUott%cta, for example, have been transient to 
Aacochyta or PhyOoettcitna or other genera The speoiM of this genus are parasitic 
on leaves and more rarely on stems, giving rise to spots of variable size and form 
Fycnidia are formed as mmute, black, usuaUly globose, or more rarely lens-shaped, 
hemispherical or suboonioal, bodies immerse in the host tissue They are thus 
subepidermal uid emmpent, later slightly projecting above the leaf surface They 
may be with or without ostioles and are usually scattered over the spot or ocoa'- 
sicmally congested into a stroma Spores are pr^uoed on inconspicuous sporophores 
within the pycni^, they are simple, mmute, oval, oblong to ellipsoid, hyalme or 
subhyaline and one-celled Fifty spores and ten to fifteen pycmdia, both as to 
and breadth, have been measured under a fluorite oil immersion lens m ord» 
to precis^ determine their range and identity 

Of the 60 species recorded in this paper, we have actually exammed only 66 
Among these, seven were without pyoni^ or spores Some of these latter are type 
speoimens and it is very much to ^ regretted that at present they are without theM 
essential firuotifloations New records are indicated by an asteri^ C*) 


PHYLLOSTiaTA P« 8 O 0 n in Champ Cemest. IV, p 14^, 1818 
ex Fries Byat Myeol li 627 

1. Phyllostlcta axnbroaioldea Thuemea m JnaMuio XXVni (46), 1881; 
Benjuavio, SyU Fung lii, p 66, 1884, Butler mid Bisby, 8e\ Monogr 1 , 
p. 160, 1081 

On leaves of ChaHopo iium tMum h,, ItusSoorie (UP), 6viu 1906, oolL S N- 

Jfitea. 

vo;u $ 


TjfnltbgAW lifbnwT. 
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2 Phyllosdcta baclUiformls Padwiok and Merh m Mycol Pap Imp Myeol 

Inst vu, p 4, 1943 

On leaves of Chenopodtvm alinun. L Kamal (Pim)ab) 13 coll G Watte 

Padwiok (Type) 

3 PhyUosticta barieriae da Coeta and Mundkur sp nov 

Spots Qiroular, dirty white, amphigenoue, pale brown uiidornoatk, r»»aolung a 
diameter of 2 mm Pyonidia oval, hypophyllous, brown, 62-03 p Sporee hyalme, 
umoellular, oblong or elbptioal, 3 5 /i m length and 2 to 3 /i m breadth 
On leaves of Barkrta sp , Dehra Dun (U P), 17 xi 1903 

Maculae oircularee, sor^de albidae, amphigenae, subtus paUide biunneae, diam 
usque ad 2 mm Pycmdia ovalia, hypophylla, brunnea, diam usque ad 02-93 
Sporae hytdinae, umoellulares, oblongae verl elli^ioae, 3 5 /i longae, 2 3 jit latae 
In folus Barieriae ouiusdam speciei, Dehra Dun (UP), 17 xi 1903 

•4 PhyUosticta bauhlnlae Ckioke m GrevtUea m, p 26, 1883, Saooardo, HyU 
Fung in, p 11, 1884 

On leaves of JBauhtnta purpurea L , Pusa (Bihar), 21 i\ 1908, ooll E .1 Butler, 
Bandra (Bombay), 16 1 1912, ooll J F Dastur 

5 PkyUogdeta biMckofiae da Ck)sta and Mundkur sp uuv 

Spots oiroular, numerous, ampbigenous, dark brown, with a slightly raised 
margm, light brown on under*8urfaoe with a raised margm, and dark brown halo, 
gradually blending into the colour of the leaf, with a diameter of 8 mm forming shot 
holes Pycmdia epiphyllous, oval golden brown, ostiolate, 60 to 90 p m duimeter 
Spores hyalme, unicellular, elongate, elliptioal, 6-8 p m length and 2-3 p m breadth 
On leaves of Bwchofia sp Ckiota Munda, Wyanad (Madras), 22 xi 1900, ooll 
E J Butler 

Maculae oiroulares, frequentes, amphigenae, fusee brunneae plus mmusve 
eiusdem colons as folia, margine tenmter olevato, subtus maculae sunt tenuiter 
brunneae, margme olevato atque corona brunnea omatoe, haeo vero corona giadatim 
transit m foborum colorem Pycmdia epiphylla, ovaha, auree lutea, ostiolata, 
magnitudinis 60-90 p Sporae hyabnae, umoellulares, elongatao ad elbptioue, 5-8 p 
longae, 2-3 p latae 

In fobb Bisohofiae sp Coota Munda, Wyanad (Madras), 22 xi 1909, leg E J 
Butler 

6 PhyUosticta buddleiae ijydow apud Sydow and Butler %n Ann Myeol xiv, 

p 183, 1916, Saooardo, SyVL Fung xxv, p 54, 1931, Butler and Bisby, 8c% 
Monogr i, p 160, 1930 

On leaves of Buddkxa sp Nalapam, Dehra Dun (U P ), 8 vu 1906, uoll E J 
Butler This is the type specirnen but does not at present have any fructifications 

7 PhyUosticta butae Sydow apud Sydow tmd Butler »n x-inn Mycol xiv, p 180, 

1916, Saooardo, SyU Fung xxv, p 46, 1931, Butler and Bisby, Set Monogr 
1 , p 180, 1931 

On leaves of Butea frondoaa Boxb, Pusa (Bihar), 10 m 1911, ooll L S 
Subramamam (Type), Dehra Dun (UP), 9ui 1937, ooll Azmatullah Khan 

8 PhyUosticta cajanl Sydow apud Sydow and Butler wi Ann Mycol xiv, p 178, 

1916, Saooardo, SyU Fung xxv, p 47,1931, Butler and Bisby, Set Mbnogr 
1 , p 160,1931 

On leaves of Ca^rtue cajan (L.) Mfllsp , Muzaffarpur (Bihar), 2.x 1911, ooll 
E J Butler (Type), Pusa (Bdiar), 3 viii 1985, ooll AzmatulbA Khan 
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67 


9 Phyllostlcta capparidlcola Spegaszuii in Mua Bac B Avrta luc, p 331, 

1910, Saooardo, SyU Fung xxu, p 824, Butler and Bisby, Sc%, Monogr i, 
p 160, 1931 

On leaves ol Capparu sp , Burdwau (Bengal), (i vu 1007 This specimen iden- 
tiliod by Butler is at present without any fructifications 

10 Phyttosticta capparUUs-htyneanae da Costa and Mundkur sp nov 

Spots circular to subciroulur, greyish brown, with a dark brown margm, 3 mm 
111 diameter Pyonidia globose, l^ge, chocolate brown, epiphyllous, immersed m 
host tissue, 46 to 265 p m length and 31 to 228 p m breadth Spores hyahne, uni- 
oellular, nunute, elliptical, 2 to 4 p long and 1 to 2 /t broad 

On loaves of Gapparm hfyneana Wall, Karwar (Bombay), x 1919, coll. L J 
Sedgwick (Type) 

Maculae circulaies ad subcirculares, griseo-biunneae, margme irreguiari tusuu 
brunneo, diam usque ad 3 nun Pycnidia globoaa, ampla, badia, epiphyUa, immersa 
in textura plantiie hospitao, magnitudine 46-266 p longa atque 31-228 p lata Sporae 
hjahnae, unicellularos, minutae, uUiptioao, 2-4 p longac, 1-2 p latao 

Ill foliis Cappandis hejnoanao Wall, Karwar (J^mbay), x 1919, log L J 
Sedgwick, Typue 

Three species of Phylloehcta have been described on the genus ('appane but this 
“qxicies IB characterised by extremely large pycmdia and very small spores 

♦11 Phyllostlcta caricae-papayae AUescher apud Hemungs, P m Hedwtgui 
xxxiv, p 114, 1896, Saccardo, dyll Fung xi, p 475, 1896 
On leaves of Cartca papaya L , Pusa (BUiar), 12 1 1936, coll T B Lai 

*12 Phyllostlcta carissae Kalch and Cooke (^retniiea ix, p 29,1889, baccardo, 
SyU Fung in, p 36, 1884 

On leaves ot Ganaaa epxyutrwn A 1)C , Dehra Dun (U P ), 8 vm 1996, coll K J 
Butler 

13 Phyllostlcta chrysanthetnl Ell and Deariioss t/t Caw/K/wa ffw Sa v, o 267, 

1893, Saccardo, SyU Fang m, p 472, 1892, Butler and Biaby, Set Monogr 

l, p 160, 1931 

On leaves of Vhryauntfu^itam ap , Pusa (Bihar), 28 x 1919, coll E J Butler, 

14 Phyllostlcta clerodendri Sydow and Butler tw Amw Mycol xiv, jp 177,1916, 

Saccardo, SyU, Fung x\v, p 77, J931, Butler and Bisby, Set Monogr i, 
p 169, 1931 

On leaves of Glerodendron sp , Kadiad (Bombay), 12 xi 1996, ooU E J Butler 
('Type) 

16 Phyllostlcta cocos Cooke m Grevtlka vm, p 94, 1880, Saccardo, SyU Fung 

m, p 69, 1884, Butler and Bisby, Set Monogr i, p 160, 1931 

On leaves ol Cocos nuctfera L , Belgaom (Bombay), coll Hobson (Type) (We 
have not seen this specimen ) On leaves of Caryota sp., Dacca (Bengal), 28 vm 1910, 
coll A L Som 

16 Phyllostlcta codalaelcola Diedioke apud Sydow and Butler »» Ahh Mycol 
XIV, p 184, 1916, Saccardo, SyU Fung xxv, p 36, 1931, Butler and Bisby, 
Set Monogr i, p 161, 1931 

On leaves of Codtaeum sp, Ganeshkhmd, Poona (Bombay), 23 x 1906, ooll 
8 N Mitra This is the type speouuen but there at present are no spores m the 
pyonidia 
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17 Phyllostlcta coffelcola Spegazziiu tm £et) Facvlt Agron Veier La Pluiu, ISWi, 
p 346, Saooardo, SgU Fung xiv, p 867,1899, Butler and Bwby, He* Monogr 
I, p 161, 1931 

On leaves of Co^ea Itberica L, Vayatn, Malabar (MadraN), 1 xITSm, ooll E J 
Butler, Koppa (Mysore), 15 iz 1903, ooll E J Butler Both the specimens are 
now without fruotifioations and Butler’s identidoation has been robed upon 

*18 Phyllosticta combretlcola P Hennings tn Verb Bot Ver Prov Brandenburg 
XXX, p 161, 1898, Saooardo, 8yU Fung xvi, p 832, 1902 
On leaves of Combretum omhjolxum Roxb , Hharwar (Bombay), 1918, ooll L J 
Sedgwick 

•19 Phyllosticta cucurbitacearum Haocardo \n MrchHui i, ]) 146, 1879, Syli 
Fung 111 , p 62, 1884 

On leaves of ('ncurbUa sp , Hyderabad (Dot can), 1945, mil S Vaheecludtlui 

29 Phyllosticta cycadina Passermi in Rend R Armd Ltncei Roma, 4 8er , 
IV, p 64, 1888, Saooardo, Ryll Fung \, p 124, 1892 , Butler and Bjsby, 
Monogr i, p 161, 1931 

On leaves of Vycas sp , Pusa (Bihor), 14 vm 1916, Poona (Bombay), 6 vu 1908, 
eoU H M t’hibber 

21 Phyllosticta destnodllcola Diechoke apvd Sydow and Butler in Ann 
Mycol XIV, p 178, 1916, Saooardo, Syll Fung xx\, p 47, 1931, Butler and 
Bisby, Sci Monogr i, p 161, 1931 

On loa\ OH of De^wodium sp , Mussoone (U P ), 6 vu 1906, toll S N Mitra {Type ), 
Deemodtum tilaefoliurn L, Ranikhet and (Irakratha (UP), 1932 and 1936, ooU 
K D Bagohee 

*22 Phyllosticta dloscoreae Cooke in OrevtUen mu, j) 136, Saooaido, 8yll 
Fung lu, p 68, 1884 

On leaves of Dtoacorea sp , Panora, Malabar (Madras), 16 xi 1909, ooll W 
MoRae, Surat (Bombay), 8 x 1912, coll E J Butler 

23 Phyllosticta dlospyri Sydow and Butler in MycoL xiv, p 183, 

1916, Saooardo, Syll Fung xxv, p 34, 1931, Butler and Bisby, iS'c» Monogr 
1, p 161, 1931 

On leaves of Dwapyroe embryoptens Pers , Pusa (Bihar), 23 1 1911, ooll E J. 
Butler {Type) 

24 Phyllosticta dolichi Brunaud in BuU Soc Bot Fr xi, p 221, 1893, 

SMcardo, iSyU Fung xi, p 478,1896, Butler and Bisby, iSr* Monogr i, p 161, 
1931 

On leaves of Dohehos bijlorus L , Pusa (Bihar), 1912, coll E J Butler 

26 Phyllosticta eriodendrl Diedioke apud Sydow and Butler in Ann Mycol xiv, 
p 179, 1916, Saooardo, Syll Fung xxv, p 26, 1931, Butler and Bisby, 
iSci Monogr i, p 161, 1931 

On leaves of Bnodendron anfractuoaum DC , Ganeshkhmd, Poona (Bombay), 
23 X 1906, ooU S N Mitra {Type) 

26 Phyllosticta exlgua Sydow apud Sydow and Butler in Ann Mycol xiv, 
p 183, 1916, Saooardo, SyU Fung xxv, p 31, 1931, Butler and Bisby, 
Set Monogr i, p 161, 1931 

On leaves of Quercua sp , Kumaon (U P ), 16 vi 1907, ooll E J Butlw {Type) 
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27 Phyllostlcta glycines Thuemen t« Jour Set Math Fhys Publ Acad Jt 

8c* Lisboa xxiv, p 236, 1878, Saooardo, 8yU Fung in, p 11, 1884, Butler 
and Bwby, Sc* Monogr i, p 161, 1931 

On loavoe of Glycine hi^pida Max , Vemag (Kashmir), 7 ix 1908, ooU E J 
Butler 

28 Phyllostlcta glycosmldis Sydow and Butler tu ^nn Mycol xiv,p 177,1916, 

Saocardo, Syll Fung xxv, p 60, 1931, Butler and Bwby, Sc* Monogr i, 
p 161, 1931 

On leaves of Ulycosmta perUaphylla Correa, Debra Dim (UP), 22 vi 1904, 
coll E J Butler {Type), Khulna (Bengal), 12 v 1907, coll P N Bhattaoharjeo, 
Wahjam (Assam), 5ivl910, eoU A L Som, Pullyanur (Travancore), 8 x1907, 
ooU E J Butler 

29 Phyllostlcta grewiae Diedicko apud Sydow and Butler t» Ann Mycol xiv, 

p 181, 1916, Saocardo, SyU Fung xxv, p 75, 1931, Butler and Blsby, Set 
Monogr i, p 161, 1931 

On leaves of Qrewta sp , DohraDun (T/ P ), 17 xi 1903, coll E J Butler (Type) 

30 Phyllostlcta hederae Saooardo and Roumeguere tn Michelia ii, p 620, 1882, 

Saooardo, Syll Fung in, p 20,1884, Mundlur, Set Monogr xu, p 40, 1938 
On leaves of Hedera keltx L, Mussoone (UP), 17 x 1031, ooll J H Mitter, 
Kaeaub (Punjab), 3 x 1908, coll S N Mitra 

31 Phyllostlcta hlblscina Ellis and Everhart *n Jour Mycol iv, p 9, 1888, 

Saocardo SyU Fung x, p 103, 1892 

Syn PhyUosticta ktbtsct Fook *n Ann Rep N Y State Mus xiu, p 126, 1889, 
SyU Fung x, p 103, 1892, Butler and Bisby, Set Monogr i, p 161, 1931 
On leaves of Hibiscus cannabinua'L, Cuttack (Orissa), vi 1907, ooll £ J Butler 

32 Phyllostlcta hortorutn Spegazzuu in AU* Soc. Critt Hal m, p 67, 1881, 

Saooardo, SyU Fung in, p 49,1884, Butler and Bisby, Set Monogr i, p 161, 
1031 

On leaves of Solanum tnelongena L , Aohibal (Kashmir), 4 ix 1908, ooll 
Inayatullah Khan. Surat (Bombay), 16 x 1902, coll E J Butler Both the 
specimens are at present 'without pyciudia and Butler’s identification is given here 

33 Phyllosticta butleri da Costa and Mniidkur nom nov 

Syn PhylloRicta hoyae Diodioke apud Sydow and Butlor t/t Ann Mycol xiv, 
p 180, 1916, Saooardo, SyU Fung xxv, p 24, 1931. Butler aftd Bisby, 
Set Monogr i, p 161,1931 

On leaves of Hoya sp , Pusa (Bihar), 17 x 1906, ooll E J Butler (Type), on 
leaves of Eoya wigUii Hook f, Khandala (Bombay), 27 xu 1944, ooll H SwtapCMi 
The name given by Diedicke is a later homonym of PhyUostida hoyae Alles^er, 
1901, spores of which are 1 6 to 2 p long and I to 1 6 p broad as against 7 to 10 p 
long and 2 5 to 3 5 p broad of the Bihar specimen 

34 Phyllostlcta humuli Saooardo and Spegaxziiu tn Mtchelia i, p 144, 1879, 

Saooardo, SyK Fung iii,p 53,1884, Butler and Bisby, Set Monogr i, p 161, 
1931 

On leaves of Hvsnulus luptdus L, Dubgaou (Kashmir), 18 ix 1908, ooll, E J. 
Butler Material is at present without fruotifioatimw and Butler s identification w 
given. ” 
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35 Phyllostlcta in^ae-dulcis Diedioke ajjvd Sydow and Butler tn Ann Mycol 

Aiv, p 178, 1916, Saoeardo, Sf^U Fung xxv, p 48, 1931, Butler and Bkby, 
Set Monogr i, p 161, 1931 

On leaves of Inga dvlna WiUd , Cooonada (Madras), 11 vin 1006, coll E J 
Butler (Type.) 

36 Phyllostlcta ipomoeae Elbe and Kellerman »n Jour Mycol ui, p 102,1887, 

Sacoardo, SyU Fung x, p 126, 1892, Butler and Bisby, Set Monogr i, 
p 161, 1931 

On leaves of Ipomoea sp , Kirkee, Poona (Bombay), 21 x 1906, coll 8 N Mitra 

37 Phyllostlcta marmorata Cooke in OrevtUea ix, p 13, 1880, Saoeardo, Syll 

Fung 111 , p 36, 1884, Butler and Bisby, Set Monogr i, p 161, 1931 
On leaves ot Mallotus phtUpptnennta Muell, Nalapani, Dehra Dun (U P), 
2 viii 1906, coll E J Butler 

38 Phyllostlcta miurai Miyake tn Jour Agrtc Tokyo, ii, p 263, 1910, Saoeardo, 

SyU Fung xxii, p 864, 1913, Butler and Bisby, iSci Monogr i, p 161, 1931 
On leaves and oulms of Oryza saitva L , Meharpur (Bengal), 7 ix 1905 

•39 Phyllostlcta moiifoUa Passerini tn Rend R Accad Ltncet Roma, 4 Her , iv, 
2 sem 10, 99, 1888, Saoeardo, SyU Fung x, p 120, 1892 
On leaves of Morue alba L , Aohibal (Kashmir), 4 ix 1908, coll K .1 Butler 
• 40 Phyllostlcta morimgicota da Costa and Mundkur sp nov 

Spots are minute, dirty white, with a pale green discoloured area underneath, 
reaohmg a diameter of 2 to 3 mm Pyomdia very scarce, reddish brown, epiphyllous, 
46 to 140 u m length and 46 to 109 p m breadth Spores are hyaline, unioellular, 
elliptioal, slightly tiering at one end, measuring 3-6 p m length and 1 -2 in breadth 
On leaves of Mortnga sp , Savanur (Bombay), 4 x 1904 (Type) 

Maculae mmutae, sordide albidae, area quadam viridi disoolorata subtus, 
magmtudiniB usque ad 2-3 mm Pyoniaranssima,rubro-brunnea, epiphylla, magm- 
tudme usque ad 46-140 p longa, 46-109 p lata Sporae hyalmao, unieelhilares, 
elhptioae, tenuiter acuminata uno apioe, 3-6 p longae, 1-2 p latae 
In foluB Mormgae sp , Savanur (Bombay), 4 x 1904, Type 

41 PhyUottkta myroxyU da Costa and Mundkur sp nov 

Spots Buboireular to irregular, yellowish brown with a fine rust coloured margm, 
equally visible on both sides of leaf, 6 to 10 mm m diameter Fyonidia dark brown, 
epiphyllous, subglobose, measuring 109-184 p m length and 109-166 p m breadth 
Spores hytdme, unioellular to elhptieal, measunng 3-7 p m length and 2-4 p in 
breadth 

On leaves of Myroxylon UAntferum L, Poona (Bombay), 6 vii 1908, coll H M 
Clubber (Type) 

Maculae subouroulaies ad irregulares, lutee brunneae, tenui, rubigmoso margme, 
aeque visibiles m utraque pagina fohi, diam usque 6-10 mm Pyomdia fusee brunnea, 
epiphylla, subglobosa, 109-184 p longa, 109-166 p lata Sporae hyalinae,iiniceUu- 
larm, ovatae ad eUiptioas, 3-7 p longae, 2-4 p latae 

In fohis Myroxih toliufen L, Poona (Bombay), 6 vii 1908, leg H M (^hibbor. 
Type 

42 Phyllostlcta peralcae Saoeardo »» MtehtRa i, p 147, 1870, SyU Fung ni, 

p 48,1884, Butler and Bisby, Set Monogr i, p 161,1931 
On leaves of Pyrue nudus L, Tukvar (Bengal), 31 viii 1909, coll W McRae, 
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43 Phylloatlcta pliiaa Saooardo in M%ehtl%a i, p 184, 1879, Syll Fung lii, p 7, 

1884, Butler and Bisby, iS'ct Momgr i, p 161,1931 
On leaves of Pyrw communu L , Chaubhattia (U P ), 26 x 1934, coll U B 
Singh, Lyallpur (Punjab), 28 uc 1908, ooU E J Butler , Barjeelu^ (Bengal), 
7 IX 1W9, OOU W MoBae, on leaves of Pyrus tnaltu L , Chaubhattia (U P ), 
29 X 1934, coU U B Singh 

44 Phyllosticta pongamiae Sycfow apud Sydow and Butler m Ann Mycol. xir, 

p 178, 1916, Saccardo, SyU Fung xxv, p 60, 1931, Butler and Bisby, Set 
Monogr i, p 162, 1931 

On leaves of Pmtgamut glabra Vent, Dacca (Bwigal), 5 iv 1910, coll A L Som 
{Type) 

45 Phyllosticta prunicola (Opiz 0 Saooardo i» Mtcheha i, p 167, 1879, Syll Fung 

111 , p 4, 1884, Butler and Biaby, Set Monogr i, p 162, 1931 
On leaves of Prvnua arrneniaca L , Aohibal (Kashmir), 2 ix 1918, ooll E J 
Butler, Kothiau, Chakrata (UP), 16x 1936, ooU K Bagohee, on leaves of Prunua 
puddutn Boxb , Vemag (Kashmir), 8 ix 1908, coll £ J Butler, on leaves of Prunua 
peratca Benth and HooW 1, Pusa (Bihar), 16 x 1916, ooU B Sen, Quetta (Baluchis¬ 
tan), 19 vni 1932, coll K F Kheswalla, Achibal (Kashmir), 28 viu 1908, ooll E J 
Butler, on leaves of Arnygdalue eommvnta L, Quetta (Baluchistan), 17 vin 1932, 
ooU K F Kheswalla 

40 Phyllosticta rellglosa Sydow apud Sydow and Butler %n Ann Mycol xiv, 
p 183, 1916, Saccardo, Syll Fung xxv, p 56, 1931. Butler and Bisby, 8ci 
Monogr i, p 162, 1931 

On leaves of Ftcua rehgtoaa L , Poona (Bombay), 6 vii 1908, ooll H M Chibber 
{Type), (Iwalior, August 1946, ooll G S Kulkanu 

47 Phytlostieta aedgwickU da Costa and Mundkur sp nov 

Spots circular, salmon coloured, surrounded by a chocolate brown diffuse halo, 
2 to 3 mm m diameter Pyonidia golden to dark brown, globose, immersed, epi- 
phyllous, 62 to 109 p m length and 62 -78 p m breadth Spores hyaline, imieellular, 
oblong, oval, elliptical, meaBunng,2-4 p in length and 1-2 p m breadth 

On leaves of Orema tthaefolta Vahl, Dharwar (Bombay), July 1918, coll L J 
Sedgwick {Type), Karwar (Bombay), October 1919, coll L .1 Sedgwick 

Maculae oirculares, salmoneoe, obsitao corona diffusa atropurpuroa, luagiii- 
tudmis usque ad 2-3 mm Fyonidia globosa, auree ad fusoe brunnea, imraersa, 
epiphylla, 62-109 p Icmga, 62-78 p lata Sporae hyahnae, iiiuceUidares, oblongae, 
ovatae, eUipticae, 2-4 plongao, 1-2 p latae 

In folus Qrewiae tiliaefohae Vahl, Dharwar (Bombay), Julio 1918, roll L J 
Sedgwick Typua, Karwar (Bombay), Ootobn 1919, leg L J Sedgwick 

48 Phyllosticta sesbaniae Sydow apud Sydow and Butler %n Ann Mycol xiv, 

p 179, 1916, Saccardo, Syll Fung xxv, p 60, 1931, Butler and Bisby, Set 
Monogr i, p 162, 1931 

On leaves of Seabanta sp , Pusa (Bihar), l,ix 1913, ooll E J Butler {Type) 

49 Phyllosticta sissoo Diedicke apud Sydow and Butler tn Ann Mycol xiv, 

p 179, 1916, Saooardo, SyU Fung xxv, p 47, 1931, Butler and Biaby, Set. 
Monogr i. p 162,1931 

On leaves of Dalbergta atasoo Roxb , Pusa (Bihar), 31 1 1910, coU E J Butler 
(Type), 
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50 Phyllosticta sorghlna Baooardo tn Mtehelxa i, p 140, 1879, Syll Fung lii, 

}) ei, Butler and Bmby, 8c% Mmogr i, p 162, 1931 
On leaves of 8orghum vulgare Pers , Manaparai (Madras), 26 ooU E .T 

Butler, Hyderabad (Deccan), May 1942, coll S V'aheeduddin 

51 Phyllosticta sulata Chowdhury tn Indian J Agnc Set xiv, p 397, 1944 
On loaves of Cartca papaija L , HalOon^ (Assam), 7 xi 1941, coll S Chowdhur\ 

[Type) 

52 Phyllosticta symploci Sydow apud Sydow and Butler m Ann Mycol xiv, 

p 180, 1916, Saccardo, Syll Fnng xxv, p 75, 1931 Butler and Bisby, Sri 
Monogr i, p 162, 1931 

On leaves of Symplocoe sp , Coorj?, Nilgiris (Madras), 12 \ 1904, ooll E J Butlei 
(Type) 

5,3 Phyllosticta tectonae Sydow and Butler tn Ann Mycol xiv, p 181, 1914 
Saccardo, Syll Fung xxv, p 78, 1931, Butler and Bisby, Set Monogr i, 
p 162, 1931 

On leaves of grandta L , Puttimari (Assam), 3 ni 1912, ooll Md I’aslim 

{Type) 

64 Phyllosticta trlcolorls Sydow and Butler m Ann Mycol xiv, p 182, 1910, 
Butler and Bisby, Set Monogr i, p 162, 1931 
Syn Phyllosticta vtolae Desm var vtolae-tncolons Saccardo tn Mtchelui i, 
p 143, 1879 SyU Fung lu, p 38, 1884 
On leaves of Viola odorata L, Ganeshkhmd (Bombay), 24 x 1905, coll K d 
Butler (Type) 

55 Phyllosticta vlolae Desmazi^res tn Ann Set Nat Bot , 2 Sei , xiv, p 29,1840, 

Saccardo, SyU Fung ni, p 38, 1884, Mundkur, Set Mmogr xu, p 41,1938 
On leaves of Viola odorata L, Pusa (Bihar), 12 xi 1914, ooll T B Fletcher, 
AUahahad (U P ), 12 u 1931, ooU J H Mitter 

56 Phyllosticta zlnglberls Ramakrishnan tn Pror Indian Acad Set B, xv, p 170, 

1942 

On leaves of Ztngtber offictnak L , Madras Pr6v No date or other details on the 
specimen 

SraCIES NOT SBUN 

57 Phyllosticta coccuU Thuemen tn Rev Mycol 2 36, 1880, Saccardo, SyU 

Fung lu, p 29, 1884 

This species was collected by Keck m Kanara on Anamnta cocculus W and A 
who sent it to Thuemen Specimen of this fungus, not reported from any othei 
ooimtry, is not available m India 

68 Phyllosticta confertlsslma Ellis and Everhart tn Proc Acad Phtla 1893, 

p 466, Saccardo, SyU Fung xi, p 476, 1896, Mimdkur, Set Monogr \u, 
p 40, 1938 

Recorded on leaves of Uhnus tntegnfoba Roxb at AUahabad (U P ) by Mittei 

69 Phyllosticta dracaenae Griff sndMaubl m BuU Soc Mycol Fr vxv, p 27, 

1909, Saccardo, SyU Fung xx, p 384, 1911, Mundkur, Set Monogr xn, 
p 40, 1938 

Recorded on leaves of Jtraeaena Itndit L , Allahabad (H P ), by Mitter, 
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60 Phyliosticta mortonl Fairinan m Mycologw 6 p 247, 1013, Saooardo, ByU 
Fung XXV, p 20, 1931 

Recorded on leaves of Mangifera tndtca L at Sholapur (Bombay) by Uppal 

The following species are also m the Herb Crypt Ind Orient PhyUoattcta 
bnardo Saco on Pyrus malua from Kashmir, PhyUoattcta ctmchonae Koord on Ctn- 
ehona ledgenarut from Valparai (South India), PhyUoattcta roumcguertt Saooardo 
on Ftrumum sp from Kashmir, PhyUoattcta ruhoruni Saooardo on Rubua sp from 
Darjeeling, and PhyUoattcta aacchart Spog on Saccharum offictnarum L from Samalkot 
(Madras) None of them have any fruotificatioUK at present and there is no means 
of checking their identification It is not known who identified them either We 
have not therefore included them in this paper 
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This paper records sixty Bpw les of PhyUotlteta for India Of these, seven ore new records 
and BIX ore proposed as new species The name of one species has been changed, as it was found 
to bo a later homonym Tlie Latin diagnoses were kindly prepared by ReV Fother H Santapau 
Head of Department of Biology, St Xavier’s (’oUegi', Bombay, to whom wo hereby express our 
deep debt of gratitude 
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iNTBODUOnON 

The discovery of Horaiehihye setnai Kulk poBsessmg a speciabsod gonopodinm 
m the male and representing a new family Horaiohthyidae allied to the equally 
unique, but widely separated, family of Tomeuridae m South Amenoa led to a study 
of ue skeletal stiractures of the gonoixxlinm of the former (Kulkami, 1940) A 
comparative aooount of the anatomical structures (loc ext , p 398) revealed that 
the gonopodium of H setnax had not only advanced in the same direction as the 
speoiahsed viviparous Poeoilhds of America but had become even a more oomplioated 
and speoiahsed struoture than the gonopodium in any member of the PoeciUidae 
The ooourrenoe of H setnax in India among other comparatively simple oypnnodonts, 
such as idpIocAcdus and Oryzxas, illustrates how remarkable a turn evolution may take 
m what wonld otherwise appear to be a very ordinary fish The author has already 
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indioatod (loc ext , p 383) that H setnax must have evolved directly from Oryzxae 
melastxgma (McClelWd) Dr C L Hubhs, Umversity of Michigan, Ann Arbor 
and Dr G 8 Myers, Stanford University, Cahforma, also this view 

(Hubbs, 1941) 

The aforesaid relationships of these fishes were based on only their superficial 
resemblance, but this could not bo conclusive without a companson of their skeletal 
structures Fishes appearing superficially to belong to a particular group have 
been found to differ taxonomioally when the details of their bony structures were 
investigated Considerable changes have been made particularly in the taxonomy 
of cypnnodonts after a closer study of their osteology Starks (1904a), Regan 
(1911), Hubbs (1924), Myers (1928) and Chapman (1934) investigated the skeletal 
structures of these fishes on different oooasions In the light of their investigations, 
Berg (1940) separated the members of the group once listed under the singfr order 
Haplomi into three different orders, viz Esociformes, Cyprinodontiformes and 
Ph^ostethiformes 

The determination of the preoise relationship of H aetnax to other members 
of the oypnnodont CToup postulated a comparative study of its endoskeleton No 
detailed osteological investigation of this group of Indian fishes has, so far, been 
earned out except for the study of their jaws and teeth undertaken by Sundara 
Raj (1916) Studies of the osteology of oviparous oyprmodonts occurring m other 
countries are also not sufficiently detailed Further, Dr Myers and Dr S L Hora 
also suggeeted that a detailed study of the skeletal structures of these fishes would 
be invaluable The present study was undertaken m order to have a fairly ex¬ 
haustive account of the skeletal features of the Indian oyprmodonts, particularly 
with a view to estabbshing their inter-relationships Three different genera, viz 
Aploehfxlua, Oryzxaa and Homtehthya, have been selected for the study A Ixneatxu, 
bemg the commonest form along the western coast of India and being also sbghtly 
larger among these small fishes, was selected for a detailed account of its osteology 
Other genera are discussed in general terms for comparison of their important skeletal 
structures An American genus is also compared 
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Methods ahd Technique 

Preparation of dry skeletons by maceration of the fleshy tissue or by any other 
method was practically impossible m view of tho extremely small size of the fishes 
studied Staining in bulk of tho entire skeletons by Benda’s Alizarine KOH method 
(Lee, 1928) was, therefore, employed for each fish after the specimens had been 
fixed m alcohol and also m formalin on different oooasions 


Head skkuston of Aphehexhta Ixneatxia (Cuv and \'al ) 

The head skeleton of AplocJuUaia hneatua C & V , as is common with most 
fishee, 18 made up of the original cartilage bonee, the secondarily develojH'd mvestmg 
bones, and a oertain number of oartilaginous struoturee which remain imossified even 
m the adult condition The head skeleton consists of the skull proper, the jaws 
and the visceral skeleton, including the bones of the opercular apparatus The 
bead of an average well built specimen is about 11 or 12 mm in length from the tip 
of the jaws to the posterior margin of the akuJJ It is doraaily flat and is fairly 
broad as compared with its length and the size of the fish The jaws, being wide 
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and laterally flattened, do notTmake the skull wedge-shaped or pointed as in many 
other fishes, but oonsiderably oroad at the anterior end The breadth of the skull 
in the postorbital region, is oontamed about 1 6 times m the total length of the 
head The jaws are obtusely rounded and their breadth at the comer of the mouth 
IB oontamed twioe m the total length of the head skeleton 

(A) ShvU (Figs 1. 2 and 3 ) 

The skull proper or the oramum for all practical purposes, may be considonKl 
to represent that complex of bones and cartilage which is situated around the bram 
and is not very readily separable from it This includes all those bony structures 
developed out of the origmal chondrocranium and the secondary bones attached 
to it, including the vomer and parasphenoid 

The skull as defined above is almost fiat on the dorsal surface except toi Ihe 
shght crests on the surface of the frontals corresponding with the regions marked 
on them There is no supra-oooipital crest, and the elongated posterior processes 
of the supia-occipital bone are situated at the dorsal level of the skull The postero 
lateral corner of the skull and the surface on either side of the supra-oocipital 
process, sinks below the general level, the depression m the hvmg condition being 
filled up by connective tissue On the postoro-dorsal margin, the epiotit is situated 
on the same level as the supra-oooipital, but on aooount of the adjoimng area bemg 
low appears like an epiotic crest 

On the ventral side, the anterior two-thirds of the skull is excavated by the large 
orbits with a narrow ridge of the parasphenoid in between Eight from the vomer 
fo the basi-occipital, the mid ventral hue is almost on the same level Small 
depressions are present in the postero-lateral corners Two small elevations are also 
formed due to the presence of large sauculiths, one on either side of the basi-ocoipital 
Most of the bones which are performed m cartilage are separated from each other 
by thm mtersMoes of cartilage between their margins Another poouliarity of 
these bones is that between the inner and outer surfaces of each bone, there is a thm 
layer of cartilage which remains unstamed m ahzarme preparations 

When the membrane bones are removed, the bram case is msufiiciently jirovided 
by bony structures m its anterior region There is only a small ethmoid cartilage 
m front The orbitosphenoids and the basisphenoid are absent Alisphenoids 
are very small, posteriorly situated and do not meet in the median line The only 
connecting hnk between the alisphenoids is a thin strand of cartilage which runs 
between the distal end of the supra-oooipital and the ahsphenoid of each side A 
thm membrane from the latter extends to the posterior membranes of the ethmoid 
region and establishes a connection with the anterior region of the bram case 

Different methods of describing skull are followed by different authors, some 
deal with the replacing (cartilage) bones and mvostmg bones separately, while 
others follow the method of describing the bones region by region The latter method 
appears to be preferable and it has been followed in this paffbr as far as possible - 
The skull is thus divided into four different regions 

(1) the ethmoidal, 

(2) orbito-temporal, 

(3) otic or auditory, and 

(4) occipital region 

The details of these regions are given as follow — 

(1) Etfvrtwid RegMH 

The etiimotd region (hg 4) —^The antenor-most pmfi, of the cramum is formed 
by bones and oartUages ansing out of the original ethmoid cartilage and also by 
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those bones which subsequently attach themselvee to it superfldally IHusally, 
it is partially covered by the nasals and the anterior portion of the frontals, while 
ventrally, it is supported by the vomer, which is so much antenoq^g^poeed as to 
be attached to this region only by its posterior portion In the same region the 
parasphenoid is also ventrally attached by its anterior end which overlaps the 
posterior extremity of the vomer Anteriorly, the region is m contact with the 
pre-maxiUariee, the posterior median processes of which actually project mto the 
anterior concavity of this region The whole region, therefore, comprises the 
median ethmoid cartilage, the paired lateral ethmoids, a median mes-ethmoid, 
paired nasals and a vomer (see Fig 4) 

The median ethmoid cartilage is a prominent bar-like structure situated trans¬ 
versely and foruung the actual anterior margm of the brain case Its lateral 
extremities are covered by well-ossified secondary bones called the lateral or ect- 
ethmoids In the posterior direction, the cartilage is basally produced mto a thm hori¬ 
zontal membrane which forma the anterior floor of the bram case A similarly direct¬ 
ed narrow membrane with a median triangular projection also arises from the dorsal 
margin of the cartilage These two membranes, along with the posterior face of the 
ethmoid cartilage, and a part of the lateral ethmoids which are all concave internally, 
form the anterior concavity of the bram ohambei The other face (anterior) of the 
cartilage is exca\ ated in the middle mto a specious comcal recess and is also basally 
product in the anterior direction mto another extensive thm membrane similar 
to the one diiected postenorly The comcal recess of the cartilage lodges the pos¬ 
terior end of the mesethmoid 

Mesethmoui —Mesethmoid is a small, median, heart-shaped piece of cartilage 
lesembling a heart-shaped locket It is situated m the anterior concavity of the 
ethmoid cartilage with its (mesethmoid) broad end facing anteriorly The posterior 
extremities of the pre-maxiUaiy processes which converge medially, rest on this 
cartilage and are closely atteich^ to it by muscular tissue It is also attached by a 
•few muscle strands to the ethmoid cartilage and also to the articulating surface 
of the maxillae With the movement of the pre-maxillary processes the mesethmoid 
also shdes backwards and forwards The attachment of the mesethmoid to all 
these bones help m co-ordmating the movements of the jaws 

Similar type of mesethmoid is found m both A panchax and A blochu 

Lateral etJimvid •—Starks (1904, b) leoords that Owen origmally designated this 
bone as pre-frontal and Farkar (W K) ecto-ethmoid or lateral ethmoid Starks 
hims elf has retamed Owen's termmology m his several writing Gregory (1933) 
mentions par-ethmoid as synonymous with lateral ethmoid and states clearly that 
it IS wrongly called pre-frontal Starks (1920) describes pre-&ontal in some forms 
as being ‘composed of surface bone only containing unossified cartilage, that is, 
contmuation of the median mass of cartiisge of the ethmoid region’ This descrip¬ 
tion shows that Starks refers to the lateral ossifioation on the ethmoid region 
Farkar’s self-explanatory term, viz lateral ethmoid, should, therefore, be prefwable 
By calling the bone pre^ontal, its association with the frontal is shown to be much 
closer than it is m reahty Actually, its relation with the ethmoid rqgion is much 
oloeer as it has actually grown on, or apphed itself to, that cartilage Aram, the 
bone is not on the same level as the frontal, and it is distmotly below the mmtsl m 
Aplochethia In Dailta, Fundvlua, Umbra and m many other forms as shown by 
Starks (1926) the bone is mainly below the frontal although a portion of it extends 
beyond the margm of the former To call the bone pre-frontal thus appears rather 
uuMeadmg Parker’s terminology, which is also accepted by Regan and others, 
has accordingly been followed in this paper also 

The lateral ethmoids are paired bones ossified, as has already been stated, on 
the lateral extremities of the ethmoid cartilage They are v»y irregular in shape 
and inresent different aspects dorsally and ventrally Each latest ethmoid is 
situated in the pieorbital region <md is d<»ually covered by the antenor and posterior 
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mwgias of the frontal and the nasal respeotively Laterally, it is in oontaot with 
the laohrymal 

VentraUy viewed (fig 2), eaoh oesifioation appears to be composed of two 
portions, one an antero-postenorly disposed medial part and the other a more or 
less vertically directed transverse twisted plate The latter is obbqnely attached 
from above to the posterior half of the former The medial portion, although it 
appears like a horizontal membrane of bone when seen from above, is, m fact, a 
hoodhke bent membrane which fits like a cap on the lateral extremity of the ethmoid 
cartilage The distal outer expansion of the twisted plate, being also ventrally 
disposed to some extent, gives the appearance of a lateral wing of the bone and forms 
a wide and shallow concavity openmg posteriorly The margins of the plates are 
smuous and smooth except in the medial part, where its external lateral margm is 
thickened and gives attachment to the anterior extremity of the palatopterygoid 
element 

In the dorsal aspect (hg 4), the lateral ethmoid appears qmte different m shape 
when the covering bones (frontal and nasal) are removed Instead of giving the 
appearance of twisted and curved plates, the lateral ethmoid roughly resembles a 
butterfly, with the medial and lateral parts representmg the wings, and the median 
antero>lateral stem the body of the butterfiy Its surface is irregular suid thickened 
at places for articulation with other bones The articular si^aces between the 
bone and the palatopterygoid os also the twisted articular surface of the maxilla 
are evident in dorsal view In the antero-latoral corner the medial and lateral parts 
are shghtly curved and enclose between them a large space which, along with the 
naeol on the top and the portions of maxilla and pre-maxilla antero-lateraUy and the 
laohrymal on the external side, forms the olfactory cavity of the fish The olfactory 
nerve opens into this cavity by a promment foramen situated in the antero-lateral 
corner of the bram case and passing through the central portion or the body of the 
lateral ethmoid bone 

Neueda —The nasals (fag 1) arc a pair of almost oncular discs of membrane 
bones situated in front of the frontals towards the lateral margin of the skull Kach 
nasal hes over the medial wing of the lateral ethmoid and possesses an indistinct ridge 
on its ventral surface It partially covers olfactory area and is attached by its 
anterior edge to the articular region (twisted portion) of the maxilla The palatine 
head and medial wing of the lateral ethmoid are also attached to it from below like 
the maxilla 

Vomer -—The vomer (fig 2) is a median comparatively well-sized fiat membrane 
bone, attached ventrally to the skull and forming the roof of the buccal cavity 
situated below The bone is roughly ogee shaped (a term used in drawing), with 
its posterior end much drawn out and pointed By its pointed portion it is attached 
to the parasphenoid, and passing over the ventral surface of the ethmoidal region 
extends sufficiently forward so as to project beyond the mesial extremities of the 
maxillae and the posterior processes of the pre-maxiUaries Its major portion is in 
front of the ethmoid cartilage and laterally extends only below the anterior ex¬ 
tremities of the lateral ethmoid The anterior margin has a single row of short oomcal 
teeth directed ventrally Numbering about 40 to 60, they cover almost the whole 
of the anterior margm At some places the row is double and consequently the total 
number of teetE on the bone is larger At the extreme anterior end of the bone, 
instead of a single or a double row, there is a small group of teeth which forms a sort 
of crown of teeth on the bone 

Dr Myers, diagnosing the characters of the tribe Rivulmi ot 1031 (Aplocheihni 
of later years) whnffi includes A^ochetlue (Panchax), states (1931, p 10) that ‘the 
vomerme teeth are m a rounded patch and usually reduced m number’ In a few 
Panehax {Ajdocheihu) he found them to be even missmg The teeth m Aplochethu 
hneatuB {P hneatua), as the fireseat mvestigations showed, were quite numerous 
and dupoeed on the antenor margin as described above Sundara Baj (1916) has 
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figured a vomer (plate XXV) showing about four rows or almost a band ot teeth 
Siirh a band, however, was never observed during the present study 


(2) OriAto-iemporal Regwn 

The orbitO'temporal remon, although comparatively extensive, is rather im- 
porleotly developed and, umike m many other hshes {Otoltthus, Labeo rohtta, etc,) 
cannot be divid^ clearly into orbital and temporal or sphenoidal regions There 
IS neither the basisphenoid on the ventral side nor the orbitosphenoid on the lateral 
sides The alisphenoid (fig 6), though present, is rather mconspicuous and hes m 
only a corner between the sphenotio and orbital portions of the frontal The lateral 
walls of the bram chamber in this region has no bony supports for its protection, 
but are covered by the large eye-balls which occupy the entire lateral orbital space 
The orbital space is bounded on the anterior side by the lachrymal and the lateral 
ethmoid, and posteriorly by the alisphenoid, sphenotic and the dermosphonotio 
The parietals also are comparatively small and so much posteriorly disposed that 
thej almost lie over the auditory capsules The Irontals are, however, remarkably 
well developed and compensate for the scanty growth of other bones They not 
only cover the entire orbito temporal region but extend anteriorly on the ethmoidal 
legion, which also they cover considerably On the ventral side the orbito-temporal 
region is supported by the elongated parasphenoid only This region although it 
covers a major portion of the skull represents only a small number of bones, viz 
the paired trontals and parietals on the dorsal side, the parasphenoid on the ventral 
side and the bones of the circum-orbital senes and absphenoids on the lateral side 
01 these only the last (ahsphenoid) which, in fact, is the smallest of all, is the true 
bone, the rest being membrane bones attached secondarily to the cramum Details 
of these bones are as follows — 

Froniala —The frontals (fig 1) are the largest of the bones of Aplochetlus and 
cover a considerable part of the skull on the dorsal side Antonorly, they overlie 
the anterior margm of-the ethmoidal region and reach the auditory region pos¬ 
teriorly They are elongated, broad, flat ossified plates overlapping the margms 
of each other medially in the mter-orbital space Aftei covering the inter-orbital 
space the proximal parts of the frontals diverge laterally and ^e median supra- 
occipital IS wedged m between them 

Superficially, the dorsal surface of the frontal appears to be divided mto throe 
different regions, viz the intor-orbital, supra-orbital and sphenoidal regions owing 
to the corresponding curvatures on its dorsal surface Moreover, on the ventral 
surface there is a distant triradiate ridge which is also visible from above, and 
helps to separate these regions more clearly The intor-orbital area is ahghtly 
convex dor^y The supra-orbital area is also convex dorsally and its posterior 
curvatures are so developed as to afford protection to the rounded eye-ball As 
this part projects somewhat mote laterally, it also appears like an orbital wing 
Posterior to these two regions is the sphenoidal area This area is situated between 
the mter-orbital area anteriorly and the supra-ocoipital and the auditory areas 
posteriorly, and may be, therefore, rightly considered to correspond with the 
sphenoidal area of o^er fishes (there bemg no basi-sphenoid m AjMcAetlue) The 
area is also laterally supported by the alisphenoid, which runs obhquely upwards 
and meets the frontal m this area 

Panetala —^The pmetals (fig 1) are paired thin membrane bones situated 
obhquely on the eithw Side of the supra-ocoipital As compared with the expansive 
firontals, each parietal is a small bone attached to the postero-lateral margin of the 
frontal Antero-latwally, it is attached to the sphenotio, laterally to the pterotio, 
and posteno-laterally to the epiotio and supra-oooipital It serves os a covering 
bone and protects the unossified area between the epiotic, pterotio and sphenotio 
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Parasphenotd —^The parewphenoid (fig 2) la a prominent median bone on the 
ventral side situated posterior to the vomer It is elongated and shajjed like a dagger 
with the anterior pointed end being somewhat obtuse and broadened It is ventrally 
appbed to the skull and forms a narrow floor for the brain ease almost along its entire 
length Anteriorly, it is attached from below to the posterior membranous exten¬ 
sion of the ethmoidal cartilage and overlaps the posterior end of vomer Posteriorly 
it 18 attached to the mesial portions of the pro-otics and finally ends on the anterior 
half of the basi-ocoipital There are two pairs of very short lateral extensions of the 
bone, the posterior one on the pro-otio and the anterior in front of the alisphenoid 

On the ventral or outer surface of the bone there is a pair of very thin elongated 
ridges, forming narrow median groove which disappears at both ends The 
posterior end of the above groove is broad and breaks up into a number of fine 
ridges as it disappears finally 

Internally the bone is somewhat concave, the inner surface of its posterior 
region being produced into a pair of small posteriorly opening pockets below the 
lateral extensions on the pro otic In the same area there is n median lound 
depression or pit exactly below the posterior wider part of the ventral groove of the 
bone This depression corresponds with the position of the hypophysis which is 
situated above it 

There is no myodome or the so called eye muscle canal which Albs (1919) 
describes in Hyodon, Scomber, etc The superior and inferior rccti of the eye are 
attached to the external or lateral edge of the parasphenoid just in front of the 
antero lateral extension of the bone The oblique muscles which Dharmrajan 
(1936) describes as forming the anterior myodome are attached to the posterior 
face of the lateral ethmoid 

Ahsphenotd —The ahsphonoid (fig 6) is a somewhat obhquely situated plate 
of bone which forms a part of the lateral wall of the bram case immediately behind 
the orbit of the eye It is attached to the bones of the auditory capsule postero- 
laterally and proceeds obhquely upwards and forwards to meet the orbital part of 
the frontal from below Being oblique in form and situated on the lateral wall, 
the bone appears triangular in a dorsal view Basally it is composed of two plates 
forming an inverted V' with its apex produced anteriorly into a plate twice the 
length of the arms, the intervening space between the arms being filled by clear 
cartilage By the outer jilate the bone is attached to the sphenotn, and by the 
inner to the vertically disposed columnar stiucturo on the pro-otic The bone thus 
has a wide and hrm base which tapers upwards into a thin twisted plate to support 
the frontal from beneath 

Ctrcum-orbttal series —In common with such fishes as Fundtdus, Qoodea, 
Poecilia, etc , the bones of the circum orbital senes are very few in Aplocheilvs also 
They are represented by only two bones, a prominent lachrymal in the pre-orbital 
region and dormosphenotio m tho post-orbital area, there being no supra- or sub- 
orbitals In place of the supra-orbitals, a lateral extension of the frontal known 
as the supra orbital wing serves as a roof for the orbit and protects the eye from 
above, the orbital wing itself being covered by three or four prominent scales 
Details of the existing ciroum orbitals are as follows — 

Lachrymal —^Tho lachrymal (fig 7) is a purely dermal bone situated in the 
pre-orbital region of the head It is loosely embedded in the tissue and can be 
easily pulled out from outside It has a very irregular chaimeled structure with 
curved plates produced m different pianos A major portion of the lachrymal 
bone has a channel-hke appearance extending vertically Its distal portion is 
twisted and bent so as to resemble a narrow neck where (mother twisted plate-hke 
portion joins it from bclund Two short channeled pieces are also grafted on the 
outer edge of this region on the orbital side There is a small central aperture in 
the neck region for the passage of the sensory nerve The channeled nature of the 
bone IS intended for the lodgment of the sonsmry canal system. 
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DermosplienotK —Dermosphenotic (fig 8) is another bone of the oiroum orbital 
Horios situated anteriorly to the sphenotio process in the poet-orbital region Like 
the lachrymal, it is also loosely sunk in the dermal tissue as theTfcdiie of the bone 
suggests and is shaped like an elongated scoop It is not attached to any bone 
except that it touches the post-orbital process of the frontal from whore it starts 
and extends downwards to form the post orbital margin of the eye Posteriorly 
it IS closely attached to the sphenotic spine 

Besides these two hones, a most unusual peculiarity is the appeal anco of two 
independent patches of bony elements noticeable in the sclerotic coat of the eye of 
Aplocheilus With alizarine dye these patches stain red just as other bony elements 
This fact gives ground for the view that they must bo bony elements which have 
developed m that area The patches are situated in the anterior and posterior 
corners of the eye ball opposite the lachrymal and the dermosphenotic respectively 
They are very thm, small and somewhat oval in shape Ramaswami also {l‘)45) 
has recently recorded the occurrence of broad cup-shaped sclerotn bones in the 
sclerotic coat in the eye of GatnJbusui 

The fact that ossihcation has taken place m the sclerotic coat of this hsh in 
close proximity of the dermosphenotic and lachrymal ossifications only, bears out 
an apropbs observation of Ridewood (Ifi04, p 60) that ‘the endosteal ossification 
18 set up m sympathy with the ossification taking place in the dermal tissue The 
process of ossification is infectious if one may employ such a term in this connection ’ 

(3) Otte Region 

The otic 01 tho auditory region is composed of bones forming the auditory 
capsules, situated as usual in the postero-latcral corners of the skull The bones 
of the capsule originate during development as soparato ossihcations m the original 
cartilaginous capsule, which gets secondarily attached to the brain ease on either 
side in its liiiid region Normally, there are hvo separate bones forming the auditory 
capsule on each side, but in 4plocheilus and its allies only four elements, namely, 
the epi-otic, pro-otic, ptorotic and sphonotic are prcsi nt, the fifth, opisthotic, being un¬ 
developed or fused with the ox-ocoipital which thus takes some part in tho foimation 
of the auditory capsule A space which remains unossihod between the epiotic, ptor- 
otio and sphenotio, is covered by the pariotalsleaving a small fontancllo at thojunction 
of the epiotic, pterotio and parietal Below tho parietal, tho anterior strip of 
cartilage which stretches between tho supra-occipital, and the other otic bones on 
the dorsal side, is thickened into a baud and appeals different from tho other 
cartilage Chapman (1934, p 384) met with similar elements in Nomtmbra hubbsi 
and called them supra otics He described thorn as ‘highly ossified ridges running 
parallel and just posterior to tho posterior edge of the frontals’ In Dallia and 
Umbra, however, the same structure remains unossified and resembles the carti¬ 
laginous band occurrmg in A hneatua (See fig 6a ) 

The otic bones are most irregular in shape all throughout, and are curved in 
different ways so as to form the walls of an irregularly shaped capsule Internally, 
the inner laminae of some of those bones are ossified in such a way as to give rise to 
canals or tunnel-like passages which form a sort of bony labyrinth for the lodgement 
of the semi-circular canals of the membraneous labyrinth Concavities are also 
formed on the inner surfaces of the bones for the ampullae and otoliths Columnar 
bony supports riinmng from the floor to the ceihng of tho capsule are present in some 
places m order to strengthen the auditory capsule A few more details of these 
bones and their locations are as follow — 

Profile —^The pro-otio (fig 2) is a ventrally situated bone which form® 
a major portion of the floor of the auditory capsule It is the most anteriorly 
disposed element of tho group and although concave mtornally is comparatively 
fiat on its outer ventral surface It is somewhat oblong m form and is disposed 
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obliquely so as to meet the basi-oooipital postero laterally, the ex-oocipital posteriorly 
and the pterotio and sphenotio laterally and antero-laterally respectively The 
pro-otic in its antero-lateral direction also supports the absphenoid and the sphenotio 
by a dorsally directed buttress like structure originating from the inner surface of 
the bone From the base of the buttress hke supjiort (fag 7a) two or three small 
ridges radiate sideways and enolose between them concavities on the floor of the 
bone which, along with the portions contributed by the basi- and ex-occipitals, 
form the recesses for the sacoulith (auditory ossicles) and for the ampulla of the 
posterior and the anterior semi circular canals, the epiotic forming only a part 
ot the dorsal cover BasaUy, the pro otic protrudes a short distance beyond the 
margin of the capsule and bears one largo and another small foramen on its surface 
Eptottc —The epiotic (fag 1 and 5a) o< oupies the postoro-dorsal corner of the 
auditory capsule and extends somewhat downwards It forms an epiotic crest on 
the dorsal side It is somewhat boat shaped m form, with its concavity facing 
anteriorly and the keel forming the postero-dorsal margin of the auditory sac 
Medially, the opiotic is in contact with the supra occipitals and ex occipitals and 
laterally with the ptorotic Internally, its lamma is rolled up to form a bony canal 
for the passage of the posterior semi circular canal Ventrally it shares with the 
ex-oocipital of its side a recess for the reception of the ampullae of the posterior 
and horizontal aemi-circular canals of the membranous labyrinth 

Fterotic —^The pterotio (fig 5b) occupies the postero-lateral corner of the 
skull and is conspicuously irregular m shape It extends both on the dorsal and 
ventral surfaces of the skull and forms the lateral margin of the skull Medially, 
it 18 m contact with the epiotic, ventrally, with the pro-otic and antero-laterally 
with the sphenotio Like the epiotic, the pterotio also is excavated or tunnelled 
internally for the passage of the horuontal somi-circular canal and is depressed dorso- 
ventrally towards the outer margin LateraJly, it develops two blado-liko extensions 
or wings, the upper or the dorsal one being broader than the ventral Behind these 
two extensions there is a third small projection directed postero-laterally, while 
the fourth one is posteriorly directed The junction of the third and the tot two 
projections torm a comparatively large ventrally disposed facet for the reception 
of the posterior condylar head of the hyomaiidibular 

Sphetiohc —Like the pterotio, the sphonotic (figs 5b and c) also extends on the 
dorsal and ventral surfaces and occupies the antero lateral corner of the auditory 
capsule In addition to its contact with the pro otic and the pterotio the bone 
18 also attached to the small ahsphcnoid antero-dorsally Internally it (sphenotio) 
IS excavated into a short tunnel for tho anterior semi circular canal and shares with 
the pro otic and pterotio, a recess for tho lodging of tho ampulla between that canal 
and the horizontal one On the dorsal side of the bone there is a posteriorly directed 
blade-like expansion or wing which laces an anteriorly directed similar expansion 
of the pterotio Tho ventral margin of this wing is considerably thickened and 
projects out posteriorly as a thick prominent spine known as the sphenotio process 
^low this spine and situated on the ventral surface there is an articular facet for 
the anterior condylar head of the hyomaiidibular 

A semi-transparent (bghtly stamed) quadrilateral area extend ng from the 
pterotio to epiotic and givmg the appearance of a large fontanelle is visible, m 
stamed preparations, both on the dorsal and ventral surfaces of the auditory capsule, 
but in fact, there is no fontanelle of that tyjie Its apparent presence is merely 
due to the margins of tho inner canals of the bony labyrinth which bound the area 
on all sides, there being no canals or any other thickenmg in the quadrilateral areas 
excepting the thin layers of the pterotio and tho epiotic, which, m contrast with the 
surrounding thickened area, appears semi-transparent 

Out of tho three otohths the saoculith (sagitta) is the largest It is situated 
m a depression formed by the basi-oocipital, ex-ocoipital and pro-otic on the ventral 
side, and is roofed over by the supra-oooipital and epiotic It is a laterally flattened 



74 


V. KULKAKMI THE OSTEOLOGY OE tNDIAH OYPBIMODONTS 


piece almoHt round in outline and being aituated vertically appears oblong m the 
dorsal or ventral view Utrioulith (lapillas) is a much smaller piece and is situated 
m front of the saoculith m the antero-lateral direction It is a spherical 

piece and is situated on the ampulla between the horizontal and anterior semi- 
tircular canals The lagenahth (astenous) lying in the lagena or the rudimentary 
cochlea is situated immediately behind the sacculith It is slightly longer than the 
utncuhth The three otoliths together form an arc which faces the postoro-lateral 
corner of the skull 

(4) Occipital Region 

The occipital region is composed of four repla< ing bones, the supra occipital 
busi-occipital and the two ex-occipitals situated on the dorsal, ventral and lateral 
Bides of tho skull respectively The bones originate from the primary chondro- 
cranium as independent ossihcations and form the hindor region of tho brain case, 
which articulates posteriorly with tho vertebral column, the articulating surfaces 
being situated on the median basi-occipital and the two ox-occipitals The foramen 
magnum is formed jointly by two ox-occipitals on tho lateral sides and tho basi- 
occipital on the ventral side Laterally, tho occipital region is m contact with the 
auditoiy capsules and anteriorly with the frontal on the dorsal sides and the para- 
sphonoid on the ventral, there bomg no basisphenoid and the panotals, although 
present, being very small and lateraUy disposed All the bones of the occipital 
region are comparatively large and prommont in Aplocheilus and may perhaps 
compousate lor tho absence of basisplienoui and the reduced panetals (Figs 2 and 3 ) 
^iupra-occipital (fig ba) —The supra-occipital m situated as usual m tho 
hinder region of tho skull, but unliko m many other forms does not form the hind¬ 
most margui ot the foramen magnum of the skull The bone is roughly paw-shapod 
(fig 6a) and concave ventrally (internally) end is provided with a pair of long 
processos trailing behind The processes, instead of starting from tho bind margin 
of the bone, originate from its convex upper surface and extend posteriorly beyond 
the margin of tho skull on the same level They are in the form of a pair of vortical 
laminae, which, in the proximal portion, fuse voiitially so as to form a sort of keel 
After tho formation of the keel the laminae again separate and jirotrude posteriorly 
as oc( ipital processes to which the dorsal muscle fibres are attached 

Tho supra occipital in Aplocheilus is prominently disposed anteriorly m com¬ 
parison with other Teleosts It not only touches tho frontals but is also wedged 
between tho posterior portions of the bones and extends even bolow thoir maigms 
It IS attached by a narrow surface to the panetals laterally and comes m contact 
with the two ex-ocoipitals by its posterior margin which is directed ventrally It 
docs not figure ui the formation of the occipital condyles 

The frontals and panetals, being membrane bones do\ eloped secondarily on 
the cramum, overlap tho margins of the supra-oocipital on both sides and reduce 
its open surface In the distal portion of the bone, there is a triangular area which 
18 lightly stained in all specimens Tho area has a thin sheet of cartilage on its 
inner side which divides into a pair of narrow bands at tho chstal margin of tho bone 
and proceeds laterally on each side to meet the distal extremity of the alispheiioid 
Baai-occtpilal —The basi-occipital (fag 2) is another prommont bone on the 
mid-ventral side of the skull corresponding to tho supra-ocoipital on tho dorsal 
surface, but the basi-occipital, unlike the supra occipital contributes materially 
towards the formation of the posterior margin of the skull Anteriorly it is m 
contact with the mesial portions of the pro otics and laterally and dorsally with the 
ex-ocoipitals Its anterior end is overlapped ventraUy by the posterior extremity 
of tho parasphenoid The bone is somew^t rhomboid in shape (fig fib) and has a 
largo circular concavity which forms an articulating surface with the centrum of 
the first vertebra Its ventral outer surfaoe is fiat, but internally there arc two 
bony plates running vertically upwards and backwards from its inner surfaoe and 
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oonneofcing the bone dorso-laterally with the ex-occipitals on each side The bony 
plates, starting from the posterior articular concavity of the bone, are disposed 
longitudinally and out off the lateral comers of the rhomboidal bone They 
thus form a narrow channel in which the posterior portion of the medulla oblongata 
18 lodged The lateral corners of the bone are somewhat excavated and form a part 
of the recess for the auditory ossicles The plates thus separate the brain case 
from the auditory capsules and also strengthen the occipital region internally 
There is a large foramen in front of the vagus foramen of the ex-oocipital 

Ex occipitals —The ex-occipitals (fag 2) are paireil bones, situated posteriorly 
in the occipital region They take part m the formation of the otic capsule m 
place of the opisthotio and this become the auto-occipital, but the term ex-occipital 
IS retained hero for convenience They form the dorsal and lateral margin of the 
foramen magnum and also give riso to a pair of occipital condyles for the articulation 
of the skull with the vertebral column The articulating surfaces of the condyles 
are large and flat and situated on the ventro-lateral corner ot the foramen magnum 
Each ox-ocoipital is in contact vontrally with the basi occipital and the pro otic, 
laterally with the ptorotio and dorsally and dorso laterally with the supra occipital 
and epiotic respectively The ex-occipital fagures m the formation of a major 
portion of the dorsal surface of the foramen magnum, m addition to the lateral walls, 
the share of the supra occipital in its formation being almost negligible After 
bordering the foramen magnum, the ox occipitals extend laterally and ventrally 
to join the baai-oooipital and pterotio to form a large recess for the ampulla and the 
ear ossicles of the auditory capsule Being produced in different directions and 
planes, the shape of the bone (figs (le and d) is very irregular The origin of the 
vortical supports or plates joining the basi- and ex-oocipitals internally is not yet 
quite ceitaiii, but they apjioar to issue more probably from the latter than the 
former 

Each ex-occipital has three or four foramina on its surface Three medium¬ 
shaped foramina for the passage of the oocipito-spinai nerves are situated in a row 
on the lateral wall above the occipital conciyle A large vagus foramen exists on 
the ventro-postenor margin of the skull and forms an exit for the glossopharyngeal 
and vagus nerves Another equally large foramen occurs as stated earlier, on the 
inner vortical plate through which the glossopharyngeal and vagus emerge and 
immediately leave the skull through the vagus foramen 

(B) Visceral Skeleton 

The visceral skeleton i-onsists ot the (1) Mandibular arch or the susixnsonum 
of the jaws, (2) the hyoid arch forming the hyoid cornu supporting the tongue, and 
(3) the skeleton of the branchial arches The entire skeleton is made up of seven 
arches The first two arches are more specialised than the rest and being close 
to the chondrocramum are associated with the latter in their early development 
The first or the mandibular arch gives rise to the palato-quadrato and mandibular 
bars which support the upper and lower jaws respectively From the second or 
the hyoid arch, the hyomandibular is developed and gives attachment to both 
the palato-quadrate and hyoid arch or the hyoid cornu The next four arches 
support the gill filaments and the seventh arch is reduced m size and forms a tooth 
boanng inferior pharyngeal bone for masticatory purpose 

(1) Mandibular Arch 

In A. hneatua, the mandibular arch (fig 10) has the usual palato-quadrate and 
mandibular bars The former develops three independent ossifications, viz the 
metapterygoid, quadrate and palato-pterygoid A thm secondary bone, the mesop- 
terygoid (entoptOTygoid) is attached to the above throe from behmd The metap- 
terygoid which forms the postenormost hmit of the arch is attached to the antero- 
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ventral edge of the hyomandibular The quadrate which is m front of and some¬ 
what below the metapterygoid is also in contact with the hyomandibular through 
a large symplectic, to the <batal end of which the quadrate is attacJfeii* The distal 
jiiece, the palatoptorygoid or autopalatine is a fused element and lies in front of the 
distal end of the quadrate It ascends upwards and forwards and articulates with 
the lateral ethmoid of the cranium and also the maxillae I'ho palato quadrate has 
therefore connection on the posterior side with the otic region of the cranium through 
the hyomandibular and on the anterior side with the ethmoid region directly 
through the palatine itself The mandibular part of the arch, which represents 
the Meckel’s cartilage gives rise to the articular bone of the lower ]aw and persists 
as a slender rod of cartilage even in the adult The tooth-bearing dentary is grown 
around the distal part of the Meckel s cartilage and forms the biting part of the lower 
jaw A small angular and a sesamoid oiticular are also developed on the inner 
portion of the jaw The lower jaw is connected with the jialato-quadrate arch 
through the condylar head of the quadrate which articulates with the articular of 
the jaw The upjier jaw is formed of independently developed paired dermal 
bones, the pro maxillaries and the maxillanes The pre maxillae of both sides 
together form the entire gape of the mouth The maxillae are closely associated 
with them and further articulate with the distal ends of the palatine and the lateral 
ethmoid The different bones of the mondibular arch are further discnbed as 
under — 

Metaptenjgotd —It is a flat, somewhat thisel-shapcd bone (fig lOa) with a 
broad anterior end At the posterior extremity it has a number of pointed splintei - 
like processes which fit into corresponding sutural notches in the antoro ventral 
corner of the hyomandibular Its upper margin is entire but slightly concave and 
forms a part of the upper c dge of the palato quadrate arch The lower margin is 
straight and is applied all along its length to the iipi>or margin of the sjnnplectic 
without the intervention of any cartilage At the anterior margin of the bone, 
there IS a thin layer of caitilago by which it is connected with the brood portion 
of the quadrate 

The presence of a distinct metajitcrygoid m A hneatns is quite remarkable 
Starks (1904, a), Regan (1911) and Myers (1931) dealing with the distinguishing 
characters even of the sub-order Poecilloidoa, to which the family Cypnnodontidae 
belongs, have stated that the motapterygoid is absent m this group Contrary 
to their observ ations it is found to be in its normal jmsition in A Imeatua It is a 
well-ossiflod bone with an endosteal element in it and its associations with the hyo¬ 
mandibular, symjileetic, quadrate and the mesopterygoid confirm its identity More¬ 
over, its shape and position are typically those of the metaptorygoid in the Haplomous 
fish Novumbra hubbsi (Chapman, 1934) and others 

In A jxmrhax and A blochn (parvus—Sundara Raj) too, this bone is present 
just as m A Itneatus In A blochn, however, it is rather more elongated than m 
A Itneatus 

The other bones of the mandibular arch in A blochti arc similar to those in 
A hneatus but somewhat more elongated The mesopterygoid is, however, more 
anteriorly placed and is not qmte in contact with the metaptorygoid in this fish 

Quadrate —In front of but slightly below the motapterygoid is a large quadrate 
(fig 10a) which too 18 connected with the apex of the symplectic It has two 
distmct portions, viz a largo vertical one and the other narrow and somewhat 
horizontal m position Both the portions are fused at the middle of the ventral 
margin of the vertical portion where they have a fused condylar head for articulation 
with the mandible The horizontal portion is narrow, straight and extends pos¬ 
teriorly from the condylar portion to end in a point Being narrow and obhquely 
situate, the portion appears like a thick rod m a lateral view The vertical portion 
18 thin and more expansive It is connected with the metapterygoid behind and the 
palatine in front by a thin sheet of cartilage at either end Its anterior portion w 
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slightly tapermg upwards and has a posteriorly direoted part of the palatine attached 
to its ventral edge 

Mesopteryg^ —^The mesopterygoid (fig 10c) is a thin flat bone, slightly canoe- 
shaped in outline It adheres internally to the quadrate and is attached to the 
metapterygoid by its posterior end Anteriorly it extends to the dorsal portion of the 
palatine to which it is fiimly attached from behind Its upper concave margin is 
slightly thickened and forms the dorsal margin of the palato-quadrato arch 

Palahne —^Tho palatine or autopalatino which is a fused element of palatop- 
terygoid, forms the antenormost bone of the palato quadrate arch It is divided 
into dorsal and ventral portions by a wavy lino running along its long axis The 
ventral portion is somewhat lanceolate in shape, smooth and toothless Its posterior 
end 18 pointed and lies free on the upper margin of the palato-quadrate arch The 
dorsal portion is thickened and irregular in outline Its distal portion bears two 
thick jirocesses or heads, ethmopalatine and rostropalatine foi articulation with the 
lateral ethmoid and the maxillae respectively 

Dentary —The dontary which forms the ramus of the lower jaw is a curved 
bone (fig 11a) with its anttnor thick portion bearing teeth on its broader upper 
surface and the posterior thinner portion devoid of them The anterior portion is 
circular in outhne, slightly narrowing m front and along with its fellow (ramus) 
on the other side which it meets in tho middle, forms the entire semi circular tooth- 
bearing part of tho lower jaw The anterior ends of the two rami instead of being 
fused into a symphysis are attached to each other m the middle of the jaw by a short 
ligament The posterior portion of tho dentary m edentulous, thin and vertically 
disposed, with a small horizontal part extending medially from the ventral margin 
below tho angle of tho bone The vertically disposed posterior portion is excavated 
internally in which the anterior pointed end of the flat articular bone as also tho distal 
part of the Meckel’s cartilage are lodged 

Tho tooth on tho dontary are disposed into a broad band consisting of four or 
five rows The antonor row is composed of oomoal teeth, shghtly curved inside, while 
tho innermost has shghtly smaller but erect teeth In between these two rows 
there are two or three rows of close-set smaller but erect comcal teeth In the angle 
of tho dentary or posterior dentigerous part of the bone, two or three teeth of the 
outer row are shghtly tbiokor and longer than the rest of the outer row The inner 
smaller teeth are also more numerous in this area 

ArtKvlar —^The articular which immediately precedes tho dentniy forms the 
ventro-Iateral margin of the jaw on th > posterior side It (fig 11a) has two distinct 
wings—a ventrally disposed internal one and tho other vertically disposed external 
or lateral The external wmg is broad in first one third and then narrows anteriorly 
The narrow tapermg end is applied internally to the dentary, resulting m only the 
broad posterior portion of the articular being visible in the side-viow of tho entire 
mandiblo, the rest being covered by the dontary The vontrally disposed wing is 
thm flat, somewhat linear obovate in outline and helps to form the floor of the jaw 
The external and inner margins of tho two wmgs meet posteriorly and fuse into a 
ridge which finally dilates at the extreme postenor end into a specious double arti¬ 
cular facet for the double condylar head of the quadrate 

Sesamoid articular —On the inner side of the vortical wing of the articular is 
situated a small oblong tendon bone, the sesamoid articular (fig 11a) It is super¬ 
ficially attached to the proximal part of the rod-bke Meckel’s cartilage and marks 
the insertion of a part of adductor mandibuloe muscles to the articular Sesamoid 
articular of FundvJm is large and of a different shape, but that of a Perooid fish 
Labrax hipue (Starks 1916, p 30) is strikingly similar in shape and position to that 
m Aplochetlua 

Angular —Angular (fig 11a) is a very small triangular bone which forms the 
inner angle of the ventral wing of the artieular It is close to the articular facet 
but does not take part m the actual m^ioulation of the jaw 



78 0 V KULKARNI THE OSTEOLOGY OF IMDIAN OYPBIKODONT8 

Pre-max%llary —^Tho pre-maxiUanes are prominent tooth-beaimg bones which 
on both sides together form the entire upper jaw They share egt^Uj^in the forma¬ 
tion of the jaw and meet anteriorly in the middle but do not fuse into a symphysis 
Each side after bordering the jaw protrudes backwards and downwards os a stout 
arm to end into a thick prominent spine below the angle of the mouth The arm 
18 slender at the angle of the jaw, but flattens posteriorly and finally terminates 
into the aforesaid spine Eurthor, the teoth-boanng portion of the bones have 
flat triangular processes of considerable sire extending posteriorly along the dorsal 
level of the skull The process! s on both sides approach each other medially, but 
remain shghtly apart all throughout The teeth on the upper jaw are almost of 
the same typo os on the dontary except that m the former there are more rows of 
smaller teeth between the larger outer row and the smaller inner one All the rows 
together form a broad band of corneal tooth A few teeth in the corner of the jaw 
are also thicker and longer corresponding to similar teeth on the dentary The 
descending arm of the pre-maxillary, too, has one or two rows of smaller teeth within 
the gape of the month which are directed anteriorly The remaimng terminal 
portion of the pre-maxilla is devoid of teeth 

Maxilla —The maxillae or the maxillary hones cif both sales do not take part in 
the formation of the upper jaw but are situated immediately behiml it and in front 
of the lachrymal Each maxilla is a ourvo<l, rod-hko bone which starts externally to 
tlie termmal process (spine) of the pro-maxilla, which it overlaps, and ascends medially 
upwards, describing a slight onrvature As it reaches below the nasal bone, it 
twists over itself and changes its curvature and proceeds medially to reach below 
the distal portion of the jiosteriorly directed triangular processes of the prc-maxil- 
lanos At the twisted portion, the hono is considerably thickened and possesses 
articular surfaces Of these a prominent articular facet is situated in the vontro- 
posterior direction for the terminal rostropalatino head of the palatopterygoid 
The lateral ethmoid and the iiasal are also in contact with this surface The distal 
curvature is shorter and the bone slenderer than the proximal jiortion The lower 
end of the maxilla is in contact with the posterior spine like portion of the pre 
maxilla, and upper extremity is attached ■ventrally to the posterior process of the 
same bone Thus, with the help of the articular surfaces on the palatine both the 
ends of the maxilla may be easily turned to push the pre-maxilla outwards and 
forwards 


(2) Hyoid Arch 

The second or the hyoid arch has two portions, the dorsal including the hyo- 
mandibular and symplectic, and the ventral forming the hyoid cornu The hyo- 
mandihular is one of the most important bones of tho visceral arches It gives attach¬ 
ment to the jaws, the hyoid cornu and the oporoular bones Tho palato-quadrate 
arch 18 suspended from the skull through tho intervention of this bone, giving tho 
hyostylio suspensonum to the jaws The details of these bones are as follows — 

The hyomandibular (fig 10a) is a somewhat quadrilateral flat bone, vertically 
diBjiosed in the post-orbital region with several short processes, condyles and facets 
on its surface for attachment to other hones There are two prominent condylar 
heads on its upper edge by which it is articulated with the pterotio and sphenotic 
of the otic capsule, corresponding facets for this articulation being situated on tho 
respective bones The third prominent condyle is situated on the posterior edge of 
the bone and servos for the articulation of the operculum The two upper condylar 
heads are at the extremities of two distinct rod-hke stems on tho body of the bone 
which apjioar to meet in the middle of the posterior half of the bone From the 
upper half of the bone a flange-hke ridge passes obliquely downwards to terminate 
mte a point on tho posterior edge A passage for the hyomandibular nerve is 
present but not quite apparent m the lateral view 
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At the lower extr«mity of the hyomandibular three separate bones, viz inter- 
hyal, 83 Tnpleotio and metaptorygoid are attached to it At the postoro-ventral 
corner a small mter-hyal is attached through a short interspace of cartilage To 
the same cartilage but above the ante ro ventral ooriier the metapterygoid is sutured 
The hyomandibular thus forms an important hnk through which the mandibular 
arch as well as the entire branchial skeleton are attached to the oranium 

Symplechc —Unlike m many other fashes the symplectic in Aplochetlua is quite 
large and well developed (fag lOa) It is roiighlj plough-like in shajie, with its base 
towards the hyomandibular and apex anteriorly directed The inner or the upper 
margin is bent inwards, makmg a small angle There appear to bo two different 
regions located on this bone, namely a mam pointed rod-liko portion and a thin 
membranous wing below and in front of it The rod like portion is fusiform, like the 
sympleotio of many other fishes, and is in contact with the lower articular end of 
the hyomandibular, with a portion of cartilage covering both the articular surfaces 
The wing-hko portion forma the lower and the front border of the bone, inoluding 
the pointed apex The latter has a small ridge on it running to its extreimty, and 
the whole is firmly wedged m the posterior notch of the quadrate 

The hyoid cornu —The hyoid cornu or the hyobronchial skeleton is fully de 
volopod with all its usual characteristic structures It consists of two lateral arches 
on two sides of the buccal cavity, starting from the respective hyomandibula, and 
sloping downwards and forwards to moot the corresponding bone from the other 
side in the mid ventral lino below the floor of the same cavity Each half of the 
arch IB made up of tour soginoiits, the inter hyal epi hyal, corato hyal and a double 
hypo-hyal on each side These are attached to a median basi-hyal on the ventral 
floor, which, in fact, forms the antonormost part of the arch and supports the 
tongue The last element is further supported by a median urohyal from below 
These segments are connected with one another by means ot a small layer of 
cartilage and form a strong supiwrting structure to the body wall Being closely 
associated with the branchial arches which are in close proximity on the posterior 
side, this arch is also called the hy branchial skeleton 

The dorsalraost segment of the arch is a small mtor-hyal or the stylo-hyal 
which IS dorsally attached to cartilaginous interspace below the iHistoro-ventrnl end 
of the hyomandibular ‘It has sometimes boon compared to the opi-branchial 
but probably is a new formation (Goodrich, 1930) ’ The thickened dorsal head of 
the bone is lodged m the cartilaginous interspace, being immediately behind the 
a 3 rmpleotio, which is also attached to the same cartilage but lies in a different direc¬ 
tion The mter-hyal is a small hour-glass shaimd bone (fag 9a) extending obliquely 
forward from its origin and furnishing moans of attachment to the next piece of the 
arch, VIZ the opi-hyal, with a pad of cartilage in between To the same cartilage, 
the dorsal edges of the preoperclo and interopercle are attached by ligaments and 
help to synchronise the ]omt action of the oi>orcu!ar apparatus and that of the 
branohiostegals which are placed on this arch 

The epi hyal (fig 9a) is a roughly triangular piece hangmg from the mter-hyal 
and proceeding in the antero-ventral direction Its iiosterior margin is circular 
(convex) and the apex, which is directed posteriorly is slightly bent and thickens 
to form a oup which fits exactly on the cartilage at the lower end of the mter-hyal 
The base of the triangular bone is broad, points anteriorly and touches the following 
segment of the arch, the cerato-hyal with a thin interspace of cartilage between them 
The dorsal side, however, is without any cartilaginous mterspace owing to a secondary 
thickening of the bones, which form a sort of long ridge running along the entire 
dorsal edge of the bone right from its posterior end and oontmumg over the dorsal 
edge of the oorato-hyal to its anterior extremity Such connections on the corres¬ 
ponding hones but m the shape of very small splints have also been rooordod in 
0 ruber (Dharmarajan, 1936) The ridge found m Aplochetlua is of a similar type, 
but comparatively pronouno^ and long, and appears to exist merely to strengthen 
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tho bones Appearancje of such strengthening ridges on the particular bone in 
fishis phylogenetioallj far apart is significant in view of an opfBUifctwhich states 
that the epi-hyal and the oorato-hyal of modern Teleost have been a single element 

But tor the aforesaid ridge and the posterior articulating head, the opi-hyal is 
thin and its surface plain The first or the posteriormost branohiostegal ray is 
attached to this bone from outside Tho next ray is only partially attached to this 
bone as a portion ot its attaching surface bes on the cartilaginous interspace between 
this bone and the oerato-hyal There is no depression on tho bone for the attach* 
ment of either of these rays as recorded in O niber 

The corato hyal (fig 9a) which immediately follows tho epi-hyal and is connected 
with it along the dorsal edge, has a broad proximal portion which immediately narrows 
into a bar in the middle of the bone, eventually bifurcating into two rod-Iiko 
extremities Tho extremities are tipped with oartilagmous heads for attachment 
to the two hypo-hyala The bony membrane connecting them is not complete and 
towards tho distal ends they have a quantity of cartilage between them also The 
third and tho fourth branchiostegal rays are attached to the broad proximal portion 
of the bone from outside, while tho remaining two branchiostogals are attached to 
the ante nor bifurcating part of the bone from inside 

Tho hypo-hyals (fig 9a) which are in close ooiitaot with tho oorato-hyals, are 
double pieces of bone on either side of tho arch They are small nodule like structures 
placed one over the other as dorsal and ventral pieces with a thin layer of cartilage 
in between They correspond with tho anterior dorsal and ventral extremities of 
the cerato-hyal, the terminal cartilaginous hoads fitting closely in tho small posterior 
concavities of the hypo-hyals One of these bones is somewhat largo in some 
speoimens, hut in Aplochetlus both hypo-hyals appear to be of almost equal size and 
enclose a good amount of cartilage in them, tho ossifications occurring in only the 
superficial layers of tho bones 

The hypo-hyals are fronted by a median, largo cartilaginous plate, tho bosi- 
hyal, which extends forward from tho hypo-hyals and forms the support for tho 
tongue It 18 a flat triangular piece, wth the base facing anteriorly and the apex 
lying above the hypo hyals to which it is attached by fibrous tissue The apex of 
the bone is ossified and develops an articular surface by which it is attai hed to the 
anterior head of the first basibranohial Though the hasi-hyal is mainly carti¬ 
laginous, ossifications, nevertheless, appear m different places and speoiaUy, to a 
greater extent at tho posterior jiortion near the hypo-hyals and tho articulating apex 
of tho hone 

Description of the hyoid cornu would be inoompleto without mention of two 
other elements, although they do not belong to this arch Those elements are tho 
bianihiostegal rays, attached du’eotly to the segments of tho hyoid oornu, and the 
uro hyal or the basi-branohiostegal attached to the cornu only through short 
ligaments 

Tho number of branohiostegals is six They are attached to the hyoid cornu 
anteriorly while they are free posteriorly In the hving condition they are connected 
all throughout by a thm fold of skin between them and are folded fan-bke below the 
opercular elements They are grouped accordmg to their attachments, the poetenor 
group consisting of the first (posterior) four rays and the anterior of the remammg 
two rays 

The rays (fig 9a) of the first group are broad, sabre-shaped and attached, as 
already stated, to the outer surfaces of the portenor margm of the epi-hyal and the 
cerato-hyal Tho attaching surfaces are broad and fiat and adhere to the respective 
bones xnthout any ligament The rays are curved, pomted posteriorly and broader 
towards their anterior extremities They are thm and flattened laterally, 
but m the middle third of their length they thicken sbghtly on their dorsal edge 
Further on, the thickening develops into a central ridge on the outer surface of the 
rays as they approach the attaching surfaces The first (posterior) ray is the broadest 
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of all and is also the longest, reaching even the posterior extremity of the operclo 
The other rays that follow hecomo gradually shorter and narrower as they extend 
towards the anterior end All the rays fold below the opercular apparatus, but 
only the first two are covered by the lower margins of the opercular bones, behind 
which they fold 

The rays of the second group, namely, the 6th and 6th rays although similarly 
disposed and folded, are shorter than the rays of the posterior group There is an 
appreciable distance between the points of attachment of tho rays of the two groups 
Moreover, the rays of the anterior group are not so modified in different regions as 
they are in case of tho posterior group Another important jioint of ditference is 
that, imlike the rajs of tho posterior group, the 6th and 6th rays are attached to the 
inner surface of tho naiiow anterior portion of tho cerato hya) This attachment 
being through a short ligament is firmer than tho posterior group of rays which 
having no ligament can be easily detached 

Hubbs (1920) pays oonsiderable attention to the form and arrangement of the 
branchlostegal rays in different groups of hshos His own view is that in higher 
groups of teleosts there is ‘a peculiarly constant airangoment of the branchiostegals ’ 
and that the arrangement found in Microcyprmi is similar to that in Acanthopteri 
The arrangement of branchiostegals m A hneatua studied here also agrees with the 
description given by Hubbs for Microcypnni and, thus justifies for it a place ntar 
the Acanthopteri (Perciformes) which Hubbs, too, has allotted to tlus order (Micro- 
cyprim) 

This uro-hyal or the basi-branchiostogal which was also styled ‘sternum’ by 
Allis, 18 a thin, vertically situated plate of bone Ijing very close to, or as if bisecting, 
tho angle formed by tho mesially meeting halves of tho hyoid cornu below the floor 
of the throat The uro hyal is, somewhat triangular (at ute angled) m shajie, with 
its apex near tho angle of the cornu and tho rest of the body traihng behind At 
tho apex the uro hyal thickens into a round tuberosity from which two strong, short 
ligaments proceed to tho mesial surfaces of tho lower hypo-hyals on each side To 
the lateral surfaces of tho posterior part of the bone similar ligaments arising from 
the antero-v entral cxtremitioa of the pectoral arch are attached The shape of tho 
bone slightly varies, however, in some specimons in which on tho dorsal side there 
w either a dorsally or postoio-dorsally directed proc'ess just behind the anterior 
tuberosity The thickness and the length of tho process also vary according to 
specimens 

Tho opercle (fig 8) is a prominent bone on tho lateral side of tho skull It is 
almost tnangulai in shape, tho triangle being equilateral with its base parallel to 
the dorsal profile, and the apex pointing below At the anterior corner there is a 
prominent spine, at the base of which lies a facet for the articulation of tho operolo, 
with a largo condyle on the posterior edge of the hyomandibular The inner surface 
has two or three ridges radiating from the articular facet Tho outer surface is 
smooth and slightly convex 

The pre-operolo is pecuharly shaped It has two arms one posterior and the 
other ventral and"anteriorly directed with a membranous connecting lamina between 
them The posterior arm is almost vortical and originates near the h; omandibular 
articulation of tho opercle It extends round the angle of the bone and the ventral 
arm proceeds anteriorly to meet tho quadrate Both arms are chaiinellod and form, 
m fact, a single continuous canal along tho entire posterior and ventral margin of 
the bone The canal is comparatively wide and opens outwards (laterally) along 
the vortical arm and then slowly twists at tho angle to open ventrally along the 
lower arm This ventral arm, terminating near the quadrate, is disposed in such a 
way that the articular condyle of the latter is in the same curvature as that of the 
former, and, superficially exammed, appears oontmuous 

The sub-opercle is another thm membranous bone bordering the operole pos¬ 
teriorly as well as below The inner edge has a wide notch wherein fits the lower 
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oxtremity of the opercle The bone terminates m a tmnoated edge near the angle 
of the pre-opercle Immediately m front of the truncated edge is another mem¬ 
branous hone, the mter-operole, which together with the 8ub»^|ii(nple forms the 
posterior and ventral margin of the operculum The intor-operole is also some¬ 
what triangular m form with a short base at the truncated edge of the sub-operole 
and two long sides directed anteriorly The bone runs hclow the margin of the pre 
operole and ends along with ttie latter near the articular surface of the quadrate 
A hgament joins the mter-oporole to the angular of the lower jaw 

(3) Branchial Arches 

Immediately behind the hyoid oornu are situated five branchial arches, which 
together form the branchial basket or the skeleton supporting the gills m the pharyn¬ 
geal wall (If these only the anterior four bear gills on their posterior faces The 
fifth IS thickened and modified to bear the lower pharyngeal teeth for mastication 
Each arch, is, as usual, made up of two lateral halves m the pharyngeal wall and 
unite in the mid-ventral line Unlike in the hyoid cornu, the halves of the branchial 
arches moot in the mid-dorsal lino also Each half of the arch consists of almost 
the same number of segments as in hyoid cornu with certain parts modified and 
other missing according to the siiecialised functions of the parts Generally, each 
half IS made up of the pharyngo-branohial and epi-branohial on the dorsal side, the 
oorato branchial on the lateral and ventral side, and the smaU hypo-branchial near 
the mid-ventral Imo In addition to these four there is a median basi-branohial, 
corresiKinding to basihyal on the hyoid oornu and is attached to both hypo-branchials 
as a common piece to both halves 

The higher degree of specialisation expected m the branchial skeleton has led 
to different modifications of its parts Nevertheless, corresponding segments of 
different arches have almost simitar modifications or special structures on them 
Hence, instead of each arch being described separately, the corresponding segments 
from different an hes are treated serially group by group in the following aoooimt 

Pharyngo-branchxala —^The phoryngo-branchials are ongmally the dorsal seg¬ 
ments of the branchial arches In the embryonic stages they are cartilaginous and 
rod-like, but as they develop their structure changes completely They become 
thicker, flattened dorso-vontrally and are ultimately designate as pharyngeal 
bones In addition to these changes, the bones undergo further modification to 
boar prominent teeth on their ventral Burfaces which project inside the throat from 
the roof of the pharynx The bones from both sides meet m the nud-dorsal line, 
but do not fuse, there being some musonlar tissue between them They, thus, form 
two patches of strong tooth-bearing bones on the dorsal side The ventraUy directed 
teeth on these bones work against similar but dorsally pomted teeth on the fifth 
arch on the floor of the throat and help m mastication 

The pharyngo-branohial bones on each side are three irregularly shaped pieces 
of bones (fig 9c) which together form the pharyngeal bone on that side The middle 
piece 18 nearly double the size of the other two and represents fused pharyngo- 
branchials All the pieces, though separate in themselves, are imbricated and very 
closely set together The bone can, however, be split up on maceration 

The first pharyngo-branohial is thickened triangular piece of bone which has a 
single row of teeth on its posterior margin The last tooth on the mesial side is 
bigger in size, the others behind being smaller In the antenor corner of the tri¬ 
angular bone there is a short artioular head covered with a thm layer of cartilage 
To the back of the heekl a oartilagmous rod is attached and it pomts lateraUy m 
plaoe of the respective epi-branohial 

The second and thurd pharyngo-branohials are fused mto the large middle piece 
of the pharyngeal bone It is a broad quadrangular piece of bone, bearing on its 
ventral surface promment oomoal teeth sbghtly curved at their tips They are 
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ttuok at their bases, two or three of them on the anterior margin being particularly 
thickened and larger than the rest The lateral edge of the bone has two small 
articular heads—one anterior and the other posterior—^for the articulation of the 
second and third epi-branchials A third very promment articular head is situated 
on the posterior edge of the bone, with which the fourth thickened opi-branohial is 
articulated 

The third toothed piece which represents the 4th pharyngo-branchial, is more 
thickened than the first bone and has on it a larger number of teeth of different sizes 

Ept-hranchtals —Among several ossifications m this area the first epi-branchial, 
remarkably enough, remains quite cartilaginous and rod like throughout the adult 
condition It is attached, as stated previously, below the anterior articulating 
head of the first pharyngo-branchial and extends towards the lateral wall of the 
pharynx to meet the cerato-branohial At the junction of and in the angle of these 
two bones is a rod-hke ossification firmly attached to the cartilaginous joint In 
form, it 18 Binular to the third and fourth epi branchials, although much smaller in 
size Its position suggests that it must bo either a super-opi-branchial ossification 
similar to the supra-pharyngo-branchial in some forms like Scomber, OtolUhua, etc 
(Dharmarajan) or that the postenormost gill-raker of the first oerato branchial 
must have developed abnormally and attached itself to the cartilagmous end of the 
first epi-branchial 

The second opi-branohial is rod-hke towards the pharyngeal bone, but at its 
contact with the cerate branchial it has a hammer shappod double head It is 
attached by fibrous tissue to the first phafyngo-branohial, but its real articulating 
surface is on the second bone as stated previously 

The third epi-branchial is also rod-liko towards the pharyngeal bones and 
hammer-like at the other end, but is shorter m length and slightly thicker than the 
previous piece The hammer-hke portion is considerably larger, and the outer head 
IS also longer The bone articulates mesially with the second pharyngeal bone 
at the antero-lateral corner of the latter 

The fourth or the last opi-branohial is the most thickened and woll-devolopod 
piece amongst the epi-branchials It is slightly flattened and bent outwards behind 
the spot whore it attaches itself to the pharyngo-bmnchial bone The outer 
surface of the bent portion has a thickened head projecting outwards Unlike in 
the former two epi-branohials there is no hammer shaptnl thickening or any other 
tuberosity at the other end of the bone, the cartilage at the tip ol the corrosjxmding 
oorato-branchial being attached only to the inner surface of its extremity The bone 
IS attached to the second phar3mgo-branchial bone by a prominent articulating surface 
on the posterior face of the latter and to the fourth pharyngo-branchial by a fibrous 
connection Thus, the fourth epi branchial is, by far, the most prominent and best 
developed bone of the group and on it must be fallmg the task of mastication through 
tho movement of the pharyngeal bonee (See figs 9 p and d ) 

Cerato-branchxala —Tho cerato-branohials are the most promment as also the 
longest parts of the branchial skeleton Their structure, position and points of 
attachment are almost similar They are four elongated and slightly rod-hke 
structures on the lateral wall and the floor of the pharynx DorsaUy, they have 
cartilaginous tips which are attached to the epi-branohials at the lateral margm of 
the pharynx Immediately behind this pomt of attachment they bend sharply 
mwards and converge from both sides mesially, ventrally and anteriorly for a consi¬ 
derable distance from their origin, to meet the oorrespondmg hji^-branchials near 
the mid-ventral hne The first three cerato-branohials eure ahJee m this respect, 
beoanse their anterior ends are capped with the cartilage and ore firmly muted with 
the hypo-branohials The fourth pair is, however, different from the rest as the 
oerato-branohials fuse with h^po-branohials and the fused elements from either side 
are attached to the median oartilaginovis basi-branohial (E^ 12 ) 
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The inner and outer faoea of the oerato-branohiala have gill-rakers of different 
forms in different places Unhke O ruber and other species m which giU-rakors are 
found on all the three pieces, namely the epi-, oerato- and hypo-hraJfchiils, they (gill- 
rakers) are usually found only on the oerato-braiichials m A hneatua 

On the first oerato-branohial, the first giU-raker (fig 12) on the outer side is a 
small triangular bunch of mmuto conical teeth attached to the outer faoe of the 
bram hial bar The second and„succeeding gill-rakers on the outer face of the first 
cerato-branchial are peculiarly modified The second gill-raker (fig 9b) is a linear 
lanceolate flat piece, on the postero-mosial edge of which grow, inwardly directed, 
minute comcal teeth on the distal two thirds of its length The teeth are in a single 
row, hut towards the proximal portion there are a few double rows also The 
succeeding gill-rakors on the outer face are of the same shape as the second, but 
longei posteriorly The fifth and sixth, or at times the seventh also are of the 
maximum size, while the rest are shorter posteriorly The lanceolate gill-rakers 
are generally eight or ton, and are attached obhquely to the face of the branchial 
bar, so that the row of teeth pomts towards the throat The last two or three gill- 
rakora are small and of the same typo as the first raker The pos^’oriormost, however, 
IS largo, dorsally placed and modified as a tod like piece of bone on the proximal 
portion of the epi branchial 

The uiner row of gill rakers on the first oerato-branchial consists of teeth (fig 9h) 
almost of the same typo as the first gill-rakor on the outer side, but the row of teeth 
m each group is shghtly semi oiroular, instead of triangular, and attached from the 
inner side Kaoh group forms a single giJI-rakor and the total number is almost the 
same as on the outer side 

The gill-rakors of the inner and outer rows of the seooud and third, and outer 
row of the fourth are similar and of the same type as on the inner row of the first 
There are no gill-rakers on the inner side of the fourth, but on the inner surface of 
the bar itself there is a narrow band of oonical teeth along its entire length On the 
outer surface of the reduced fifth arch also there is a row of vestigoal gill-rakers 
attached only to the middle portion of the bone 

Hypo-bmnchials —The hyixi-branohials (fig 12) are present only m the first 
three arches They are thick nodule like structures attached to the distal end of 
the cerato-branohials on the one side and to the basi-branchials in the median line, 
cartilaginous mterspaoes mtervening between all attachments On the dorsal 
surface of these Lypo-branohials there are groups of erect conical teeth projecting 
into the throat On the first hypo-branclual the group of teeth is rather small, 
but increases in extent on the second and is widest on the third, on which the teeth 
also are bigger and more pronunent 

There is no separate and distinct hypo-branchial segment in the fourth arch 
]ust as in the Haplomous fishes, but the terminal portions of the fourth cerato- 
branchials have fused with the hypo-branohials Those portions bear promment 
teeth just as in case of the third hypo-branohials, the patch of teeth, however, being 
oontmuouB with small teeth on the inner surface of the bone Chapman (1934) also 
subscribes to this view in respect of Novumbra, wherein the same segment is found to 
be absent 

Baax-branchiaU —^The four functional arches arc supported by four basi-branohials 
(fig 12) Being the median segments of the arches the basi-branohials are situated 
m the mid-vontral line, and the hyjio-branohials from both sides are attached to 
them laterally in the horizontal level The four basi branchials, along with the three 
hypo-branchials, a basihyal and the cartilage between all these pieces produce a 
strong and firm floor for the buccal cavity As the basi-branchials m the adult 
form are considerably displaced from their premordial position between the hypo- 
branohial segments of the respective arches, their attachments are not strictly hmited 
to the oorrespondmg segments only but are mutually adjusted according to their 
positions, so as to perfect a firm supporting floor. 
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Only the first three out of the four basi-branohials (fig 12) are ossified and 
elongated, while the fourth, which is cartilaginous throughout, is short and rhomboid 
in shape Curiously enough, the same fourth basi-branohial is small and unossified 
both in 0 ruber and Scomber (Dharmarajan, p 43) This indicates that some 
definite sigmfacance is attached to the oartilagmous nature of this segment, which 
remains unossified among the assemblage of so many other bony structures Per¬ 
petually mobile condition of the branchial apparatus for respiration and for food 
requues a firm bmding quality and at the same time certam amount of elasticity for 
the central umting piece Those qualities are better afforded by cartilage, and that 
appears to be the reason why the fourth bosi-branohial remains cartilaginous in 
A hneatus as also in other forms 

Pxfth arch —The fifth arch, which forms the postoriormost element of the 
branchial skeleton, is a considerably reduced and much modified piece of this skeleton 
Instead of forming part of the lateral wall, the arch remains entirely on the floor 
of the pharynx and is developed into two pharyngeal bones The posterior halves 
of the bones are somewhat tapering, bent postero-laterally and thus diverge from each 
other The anterior parts are straight and lie close and paiallel to each other near 
the mid-ventral line The anterior extremities approach the fourth oorato branohials 
from behind and are attached to the fourth basi branchial The pharyngeal bones 
are considerably thickened m the nuddle angle of then bodies and boar thick promi¬ 
nent teeth of different sixes on their dorsal surfaces The teeth project into the 
throat from the floor of the pharynx, which is formed by the bones themselves The 
posterior row of teeth is very large and thick, particularly two or three teeth towards 
the median Ime are remarkably large and are the biggest of the whole lot They 
are of the same type as the large teeth ooournng on the ujiper pharyngeal bones 
The tips of the ventral teeth are bent anteriorly and those of the doisal posteriorly 
Both these types of teeth work on each other with the help of the strong muscles 
attached to the respective bones and mastioate the food The other tooth on the 
lower pharyngoals become smaller towards the anterior end and are of the same 
typo as the small teeth on the upper pharyngeals 

Post-temporal —^The post-temporal (fig 8) is a purely dermal bone through 
which the pectoral aroh on oaoh side is oonneoted with the skull It has a rod-like 
anterior portion which rests on the epiotio end and a broad slightly channelled 
posterior portion which is applied to the outer surface of the cleithrum below its 
spine The ohanuolled portion faces anteriorly and the lower side of the channel in 
that position is broader and extends more anteriorly than the other side which 
remains narrow and small The sides of the chaimel represent the upper and lower 
wings of the complicated post-temporal bone, developed in Poi>cillidae Although 
the distal end of the bone rests on the dorsal crest of the epiotic, there is no liga¬ 
mentous connection between them The bone merely hes m the deimal tissue and 
may be easily dislodged with the flesh The real contact of the post-temporal with 
the skull, however, is through a hgament which arises on the mner anterior surface 
of the bone in front of the posterior broad portion and attaches itself to the posterior 
ventral margin of the opiotio In some specimens the ligament is ossified at its 
insertion on the skull while in others it is ossified at the other end on the post-temporal 
The hgament when ossified m the post-temporal region appears hke a small pomted 
process which originates in front of the broad portion, almost in the middle of the 
bone The distal ossification of the ligament is diso-hko and is apphed to the outer 
surface of the epiotio Some specimens have both ossifications The post-temporal 
fork found in many fishes is absent m A Itnealua, but smee its place is taken up by 
the ligament which has a tendency to ossify, the ligament may be said to represent 
the lacking fork, as has been oonjeotured by Gd^rt (1895, p 403) m regsurd to 
Haplomous fishes 
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Head skeleton of Oryztaa melast%gma (McClelland) 

The head skeleton of 0 ntelaBt%gma (fig 13) comprising proper and 

(ho visceral skeleton, is hardly 6 mm in length and less than half as long as that 
of Aplochetlus Ittieatiia Although the skull is not very broad and doraally flattened 
like that of Aplocheilua, it is nevertheless, moderately flat and slightly tapering 
anteriorly, on account of the jaws being comparatively smaller in si7e Moreover, 
the jaws not being much prolonged anteriorly, the pre-orbital region is also rather 
short, the orbits, however, beuig proportionately larger than m A hneat'ua The 
dorsal surface of the skull is smooth, with the characteristic curvatures of the 
frontals and has a transverse oblong depression in the pre-ethmoidal region The 
depression is not so evident m Aplocheihig The visceral arches are situated mainly 
below tho posterior portion of the skull and contribute towards the height of the 
head skoloton which is greatest in this region Tho arches extend anteriorly also 
and give a tapering character to the ventral profile The dorsal profile is almost 
stiaight except in the pre-othmoidal region, where there is a slight depression The 
height and tho breadth of the head skeleton m the posterior region are almost equal, 
and are contained about 1 5 times in the total length of tho skull with the jaws 


(I) The Shull (Figs 13 and 14) 

'fhe skull proper is limited anteriorly by a thin meaethmoid, as tho usual vomer 
18 abs( nt in O rwl(iBi%gma On tho posterior side the processes of tho supra-ocoipital 
are shorter than in A hneatua Another remarkable difference in this region is that 
tho < piotics bear a pair of long posteriorly directed processes on their outer surfaces 
These aie not found in Aplochexlua The opiotic crest is also not so prominent as 
m the latter Tho skull is dopiessed m the postero-lateral corner and the pterotic 
bone representing this area is placed on a lower level than that of tho adjoiiung frontal 
and the supra occipital On tho inclined portion of those two regions is a small 
oartilaginoas area between tho pterotic and the frontal, which remains uncovered 
duo to the absence of pariotals The cartilaginous area, being on the inobned 
portion, IS not quite visible in tho dorsal view, but is evident only if the skull is tilted 
slightly There is another prominent quadrilateral area m the postero-lateral corner, 
which IS very lightly stained, but just as in A hneatus, the area is apparent only 
because there are no thickened structures below it m oontrost with the ewijoimng 
area which possesses them 

The ventral surface of the skull is excavated by the orbits as usual, and the 
inter-orbital space being imcovered by any skeleton structures, is wider than m A 
hneatua owing to narrower paraspheiioids Tho ventral level of the skull is also 
not so umform The ethmoid region being low in height and there being no vomer, 
the parasphenoid which occupies the mid-ventral position ascends upwards in the 
anterior region to meet the dorsally situated mesothraoid 

The basi-ocoipital (fig 14) is on a slightly higher level than tho pro-otio and the 
parasphenoid, which jirooeeds to meet tho former, leaves a small gap between itself 
and the ventral surface of the pro-otic The ventral surfaces of both basi-occipital 
and tile pro-otios are inclined on the lateral sides, and with tho narrow parasphenoid 
in the median luio form a low keel on the ventral side At tho jiosterior end of the 
skull there is the articulatory concavity of tho basi-occipital, with a wide oonstriotion 
behind it On the lower level of this concavity are tho ex-occipital condyles on 
either side of the foramen magnum The postero lateral comer of the ^ull is 
flattened just as on the dorsal side, but the depression on tho medial portion of the 
pterotic 18 deeper than in A hneatua and resembles the pterotic recess of other 
fishes 

Just as in A hneatua there are no cartilagmous areas on tho ventral surface of 
the skull of this fish, but the replacing bones of tbe skull arc separated by thin layer 
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of cartilage between them, the layer being eomewhat wider between the ptorotio 
and other bones The other peouharity in oonunon with that of A hneatua is that 
the replaomg bones have a thm layer of cartilage even between the inner and outer 
surfaces or lammao of each bone 

After the removal of the frontal bone, which covers a major portion of the bram 
case, the anterior region is almost as equally ill-provided with skeletal structures as 
in A Ixneatus The orbito sphenoid and basi sphenoid are absent and the ethmoid 
remains cartilaginous The only improvement in O melastigma is that the carti¬ 
laginous strand at the distal extremity of the supra-oooipital, joimng the alisphonoids 
on either side, is wider and more oxtensivo Moreover, the alisphonoids are also 
wider and more strongly built m this fish 

The skull is divided as usual, in the four regions, namely, the ethmoid, orbito¬ 
temporal, otic and occipital 

Ethmoxd region —The ethmoid legion of O mdaaixgma difters from that of A, 
hneatua in certain remarkable features It has a promment mesethmoid, which is 
both largo and well ossified, and has no vomer developed on its vo»/ral surface 
It has the same position ui relation with other bones as in A hneatua and forms the 
anterior margm of the bram cavity The median transverse portion of the ethmoid 
region remains cartilaginous The lateral extremities are covered by the lateral 
othmoids On the ventral smtace, the paraspbenoid extends beyond the median 
cartilage and meets the mesethmoid from below The posterior lace of the ethmoid 
cartilage extends jiosteiiorly, on both the dorsal and ventral levels into the mem¬ 
branous projoetions, almost in the same way as m A hneatua, but the membrane 
18 narrower, and the triangular extremity of the dorsal entirely absent The ethmoid 
cartilage is produced m the anterior direction just as m A hneatua, but, unlike in 
the latter, the membrane is on the dorsal level of the cartilage, and is ossified into 
a mesethmoid bone in this fish 

Mesethmoid —The mesethmoid (fig 13) is a median, circular soale-like bone 
in front of the ethmoid cartilage It has the nasals on its either side, the lateral 
ethmoid in the postoro-lateral direction and the frontals behind In front, the 
extremities of the posterior processes of both pre-maxiUarios rest on the anterior 
portion ot the bone The ventral surface has a shallow groove m the jiostorior half 
of the bone m which the anterior extremity of the parasphonoid is lodged 

As stated above, the mesethmoid in O mdaahgma is an ossification of the anterior 
prolongation of the ethmoid cartilage, and according to some authors it is termed 
as ethmoid bone A narrow strip of cartilage continues to remain unossifiod on the 
anterior and lateral margins of the bone even in the adult condition Between the 
upper and lower surfaces of the bone, is a layer of cartilage winch is continuous 
with the ethmoid cartilage behind and divides the bone mto upper and lower lammae 
The cartilagmous layer is thin anteriorly and thicker m the posterior portion, so as 
to make the two laminae more evident only on the posterior side 

The mesethmoid m 0 melaattgma agrees m oertam respects with the descrip¬ 
tion of that bone m Fundvlua (Starks, 1026) as well as m Poeoilhdae m general 
Starks, however, describes the bone in Funduhis as having a double laminae only 
in the posterior part with some cartilage between In Beloneaox behzanva also 
(Starks, op cit ) ‘the mesethmoid is a thin disc, scarcely ossified, though it is easily 
separable from the cartilage under it In some of the Haplomous fishes the meseth¬ 
moid 18 actually In the form of two bony discs, with a short column of cartilage 
between ’ A double laminar structure with cartilage in between thus seems to be 
a common feature of mesethmoid m many fishes 

Starks {loc at) believes that mesethmoid is generally of dermal origm and in 
some oases (Perooids) of a ‘dual origm, its surface being eotosteal and its interior 
endosteal though often of oartila^, with spicules of bone scattered through it’ 
Elsewhere he observes that ‘very often’, even in most speoiahsed fishes, ‘mesethmoid 
is a thin shell of surfaoe bone with the mterior filled with cartilage ’ The assooiation 
3 
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of mesethmoid with a oortain amount of cartilage, thus, appears to be constant 
factor in most fishes and may mdioato that the mesethmoid may b ^of o artilagmous 
ongm, the cartilage having a tendency to ossify only on the upper aWJ4uwer surfaces 
and to assume different shapes In 0 melaattgma, at least, the mesethmoid seems to 
have originated m cartdage, ossify mg only in a circular area on the upper and lower 
surfaces Even on its anterior and lateral sides there is still a thin strip of cartilage 
persisting Moreover, ossifioation on either surfaces, with cartilage m between, is 
a condition prevalent in all the replacing bones of this fash, including even the 
oomphoated otic bones A similar condition m the mesethmoid also strengthens 
its claim to be replacing bone originating m cartilage 

The mesethmoid in A Itneattu, although entirely oartilagmous (vtde mfra, p 4) 
is different from the type of mesethmoid described above, and is independent of the 
ethmoid cartilage 

Lateral ethmovl —The lateral ethmoid (fig 14) is almost similar to that of 
A IxneMlua, except that the margms of the bone m 0 melaattgma are less thickened 
Moreover, a small postero lateral lobe is not covered by ossihcation The posterior 
transverse portion of the bone lies below the anterior margins of the frontals The 
nasals arc attached from above and roof the olfactorj area which is situated in the 
antero lateial corner of the bone The area is bounded by the anterior and trails 
verse portions of the bone on two sides and the lachrymal on the external side The 
olfactory nerve ojieiis, as usual, through the olfactory foramen, which passes through 
the aiitero-lateial corner of the ethmoid cartilage Unlike in A Itneatua, neither 
the palatine nor the maxilla comes in contact with the margins of the lateral ethmoid 

Naaala —^'Ihe paired nasals (hg 13) are not thin, soale-like circular as m A 
Itneatua They arc comparatively thicker, concave vontrally and somewhat bean 
shaped m outline The hilum side of the bean-shaped nasal, which is attached to 
the anterior end of the lateral ethmoid, is situated medially and is thicker than the 
cuter thin maigin of the bone It is more prominent than the nasal in A Itneatua 

Orbtto-temporal Regton 

Just as in A hneahia, the orbito-temporal region of O tnelaattgma is <piite 
extensive and contains a small number of bones as compared with the expanse 
of the region In addition to the orbito-sphenoid and basi sphenoid, the parietals 
too, aie absent m O melaattgma The frontals cover the entire dorsal surface of the 
region The alisphenoids arc somewhat bigger than in A Itneatua, but the paia- 
sphenoid is narrower and leaves more space uncovered by bones on the ventral 
surface of the skull The circum-orbital senes are represent^ by the dormosphenotio 
and the lachrymal only 

Fronlala —^The frontals (fig 13) are very similar to those of A Itneatua both in 
shape and position They have also the conspicuous triradiate ndgo on the ventral 
surfroe, which is clearly visible dorsally and separates the three different regions of 
the frontal, viz the supra orbital, mter-orbital and the sphenoidal The supra¬ 
orbital portion is rather more extensive than m A Itneatua and also descends a bit 
more ventrally on the posterior side for the protection of the eye On the dorsal 
surface the frontal has the typical ourvaturos correepondmg to the throe regions of 
the bone The mesial margins of the frontals overlap in the median line, and the 
distal extremity of the supra-occipital is wedged in between their postenoi jiortion 
just as in A Itneatua 

Paraaphenotd —^The paraspbenoid (fig 14) differs from that m A Itneatua in 
several respoots It is bent at two ends, oas a different shape with additional pro- 
oesses, and is slender than m A Itneatua It extends from near the base of the 
basi-oocipital to the middle of the mesethmoid, and is perhaps the longest of the 
bones of this fish 
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The bone is a slender, elongated structure with a broad bridge in the middle, 
on either side of which it bencU shghtly The bridge is situated m front of the 
anterior margms of both pro-otics and is formed of a pair of lateral plates arismg 
from the lower side of the parasphenoid, and proceeding dorso-laterally to meet the 
mesially directed plates of the pro otics The portion of the bone m front of the 
bridge gradually broadens out anteriorly and ends mto an obtuse point Along 
the median line of this iiortion there is a flange-like blade of bone which is at right 
angles to the broad outer surface for about two thirds of its length from the bridge 
The posterior portion is slender and shghtly flattened There is no flange lie 
support in this region, except for a few indistinct ridges on its outer surface 

At the base of the dorso-lateral plates there is a pair of small foramina for the 
oculomotor nerves of the eye muscles Behmd the toramma and almost from the 
summit of the bone a pair of short arm-hke processes extends postero-laterally 
They meet on each side the anterior edge of the pro otic, while the dorso-lateral 
plates of the bone meet the dorso-medial plates of the pro-otios on each side They 
thus, enclose between them a largo concavity which opens anteriorly at the base of 
the eye Theie are no such plates in relation with the parasphenoid or pro-otios 
of A hnmttLa, and consecjuently no such foramen is formed m that fish The 
foramen and the plates forming the lindge may perhaps indioato a formation of an 
opening«of the trigemmo-facialis chamber or a posterior myodome 

Behmd the bridge the parasphenoid runs posteriorly over the ventral surface 
of the pro otus leaving a small space between the pro-otius and the bone itself, 
and 18 firmly attached to the basi occipital Anteriorly it ascends upwards to meet 
the mesethmoid At both those ends there are grooves on the attachmg surfaces, 
giving more firmness to the contact iSiich grooves are absent in A hrmitue The 
parasphenoid in O melaattgina is, thus, more specialised both in structure and 
attachments and shows a distinct adv anoe over A hwatm 

Aliaphtnoul —^I’he alisphenoid (fig 14) is similar in structuio ))osition and 
attachment to that in A hneaiua, but extends more mesiallj and is thicker m build 
than in the latter At the distal end, too, it is broader and thicker and is almost 
rectangular m shafio Its structure with respect to the laminae and the mtervenmg 
cartilage is the same as in A hneatue J<rom its distal end a band of cartilage extends 
mesially and meets the distal cartilage of the supra occipital On the ventral side 
of the distal end it is connected by a hgament to the distal end of the dorso-lateral 
plate of the parasphenoid The ahsphenoid, thus plays better part than m A 
Uncatim m affording lateral protection to the brain case and appears to be a step m 
advance towards ‘the Percoid skull whore the alisphenoids are more developed 

<'ircum-orbxtal senes—Just as in ^ hneatua, the circum-orbital bones are 
repiosontod by only two bones, namely the lachrymal and dermosphenotic 

Lachrymal —Tins bone occupies the same pre-orbital position as in A hrwalun 
and possesses a similar tubular structure with other curved plates attached to its 
distal end In 0 niclaattgina the tubular portion is narrower and there is an addi¬ 
tional ourvod plate m its proximal portion (fig 16) 

Dermosphenotic —^'Ihis is almost similar to that in A hnentus but is not so bent 
pi concave as in the lattei Another difference (hg 13) is in the positu n of the bone 
In A lineatua it is placed anterior to the sphenotic process and forms the [xisteiior 
boundary of the orit, whereas m O melastigma it is attached to the iHWterioi face 
of the sphenotic process 

The sclerotic bones found m A hneaius are absent in this fish 


Otic Region 

The otio legion m O melastigma consists of the four usual ossifications, pro- 
otic, epiotio, pterotic, and sphenotic, just as in A lineatvs, the fifth opisthotio being 
oharaoteristioally absent m both The otio-boues m O melastigrtM are more complex 
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and sjwcialisod than in tho latter They are irregular in shape and are either oom- 
prossod or enlarged in different ways, so as to perforin their main function of sheltering 
tho auditory organ The otio capsule is not a complete bony oase'^*'®!! the dorsal 
side a thin cartilaginous membrane remains unossifiod It extends from tho lateral 
extremity of the supra-oooipital to the base of the alisphenoid in front, tho sphenotio 
and pterotio on the side, and the epiotio behind The cartilage is partially covered 
by the frontal leaving only a small opon area on the posterioi side Similar cartilage 
IS found m A hnmtua also, but the anterior margin of this cartilage, which remains 
distinct from tho other cartdago in that fish, is not evident m O mdaat%gma 

In common with the other replacing bones of tho fish, tho otio bonos also havo 
outer and inner laminae with a tlun layer of cartilage in between The laminae are 
ossihod and rolled up m such a way as to give rise to tunnel like bony passages for 
sorai-circular canals Larger spaces are also provided for the ampullae of tho canals 
and the otoliths 

Pro otic —^The pro otio (fig 14) as usual, forms the floor of the auditory capsule 
on tho anterior side and has the concavities on its floor for the ampullae and the 
utuoulith, just as in A hneatus, but, besides these structures, it has dovelopod a 
voitioal plate on its anterior margin The plate originates in the lateral corner and 
proceeds mesially ujiwards to meet the dorso-lateral plate of the parasphonoid The 
dorsal edge of the base of tho plate is in contact with the base of the alis^ihonoid 
and, as in Novumbra hitbbsi (Chapman, page 385), forms tho postoro-mosial wall of 
the orbit Tho antero lateral corner of the bone (pro-otio) has a number of foramina 
for the brani hns of tho facial and the tngommal nerves 

Behind the foramina there is a buttross-like support to the auditory capsule, 
which arises from the inner surface of the pro-otio There is a similar sufiport in 
A hnaatur, but that in O melaatigma proceeds more dorsally and develops into a 
dorsal process, just as iii N habbei The dorsal portion of this process curves m 
wards at tho dorsal level and supports from inside the anterior margin of the dorsal 
oartilaginouH membrane of the capsule On tho dorso-lateral side tho antoiior 
lamina of the jiroooss is in contact with tho base of the alisphenoid, while the posk rioi 
lamina oonnocts with one of the laminae of tho sphonotic As tho bases of those 
three bones meet at the anterior lateral corner of tho skull, tho cartilage between 
tho laminae of thou bases fuses together and forms a cartilaginous column to 
strengthen the region 

Epwtic —^The bone (fig 13) occupies tho normal postero-dorsal position on tho 
skull, but IS not so much compressed laterally as to form the epiotic crest as m 
A hnmtua The bone is, nevertheless, remarkable for its possosBion of a long 
slender process (fig 13) on tho outer uurfaoe, somewhat like the opiotio process of 
Ijaheo rohita It is a thin laterally compressed membranous prolongation which 
extends posteriorly fixim the outer surface of the bone It is about twice the length 
of tho supra-oocipital processes and is more jprominent than tho latter A process 
from each epiotio proceeds somewhat mesially and tho two processes connect with 
the neural spines of the vertebral column by fibrous tissue 

Pterohe —Tho pterotio (fig 13) is comparatively a simpler and less oomplioatod 
bone than in A hneatus It has only a single curved wing along its outer margin 
and does not bear the articulating facet for the hyomandibular on its ventral surface 
Tho antenor edge of the wing, however, is slightly thickened at its end and helps 
in articulation of the hyomandibular The bone is tunneled as usual for tho passage 
of the horizontal semi-oirculw canal 

There is a lightly stamed quadnlateral area visible m the postero-lateral corner 
of the skull just as in A hneatus, and, as m the latter, is apparent only because the 
other surroundmg portion is more dense on aooount of tho presence of bony passages 
for the senu-circ^ar canals within those bones 

Sphenohe. —This bone (fig 13) also has a shape different from that in A hneatus. 
It IS pushed in the antero-latoral comer of the oapsulo and takes but a mmor part in 
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sheltering the auditory organs Only a portion of the anterior semi-oiroular canal 
m lodged in the oaMty of the bone without any tunnel being formed The semi¬ 
circular canal, therefore, could be pulled out intact without any part of bone being 
damaged In A hne-atits the somi-oiroular canal cannot be removed without cutting 
a portion of the lamuia of the bone which forms a small tunnel inside 

A portion of the bone which forms the sphenotic spine m A Uwutua is flattened 
antero posteriorly with a shght concavity in front and forms the posterior margin 
of the orbit The articular facet for the hyomandibular situated on the ventral side 
18 elongated instead of being round as in the other fish Its assiuiation with other 
bones is identical with that in A hneatus 

The otoliths are almost of the same type as in d hrmitus, except that they are 
situated m a straight line, instead of forming an arc just as in the latter 


Occipital Region 

The occipital legion is almost similar in composition to that of A hneatus 
except in details of shape of the bones, etc The foramen magnum is dorsally and 
laterally bordered hy the tx-occipital which has also the occipital condyles for arti 
culation with the vertebral column The articular concavities of the basi-ocoipital 
and also the ox occipital condyles aro comparatively smaller than m A hne-atus 
The latter are somewhat mesially directed and have concave articular surfaces The 
basi-occipital and the ex-ocoipital have mternal plates runmng between them to 
suppoit the legion just as m A hneatus while the ex-occipital has an additional plate 
developed for the suppoit of its own curved region 

Supra occipital —This bone (fig 13) differs m shape from that in A hneatus 
but the differenoe is due only to the mo^fications of structures found in the latter 
Both the distal and lateral processes which are quite short in A hneatus, arc drawn 
out and elongated, and the body of the bone is made slenderer in this fish The 
latcial prolongations extend antero-laterally towards the sphenotic and compensate 
to some extent for the absence of the panetals The posterior processes of the bone 
are shorter and slenderer and do not extend beyond the posterior margin of the skull 
The lightly stained wedge like area seen in the distal portion of this bone m A 
hneatus is noticeable in this fish, too, m the same position but the cartilage extending 
from below the area in the anterior direction is distmctly broailer and more ex¬ 
tensive m 0 mehstigrna Consequently, the lateral bands of cartilage proceeding 
towards the alisphenoids also originate away from the distal margin of the supra 
occipital As stated previously, a sheet of,cartilage extends from the lateral pro¬ 
longation of this bone to join the ahsphenoid, pterotie, sphenotic, and opiotic Just- 
as in A hneatus, the supra-occipital in this fish, too, is wedged between the posterior 
parts of the frontals, but unhke in the former there aro no panetals on the lateral 
side of this bone 

Basi orxnpital —Although similar m shape, the basi-occipital ir O melastigina 
(fig 14) IS relatively larger in extent than in .4 hneatus Its posterior articulating 
concavity, a cone-shaji^ centrum, is smaller and more constricted Ixihind The 
outer surface of the bone has a shght curvature and in tho median line there is a 
groove extendmg about two-thirds of the distal portion of the bone, m which the 
postenor end of the parasphonoid is lodged The bone has internal plates running 
from its inner side to the inner side of the ex-ocoipital just as in A hneatus, but those 
are narrm^er and arise from the middle third of the bone They are lengthwise 
on the basi-ocoipital, but as they approach the ex-ocoipitals they twist Sideways so 
as to support the extension of ex-ocoipitals 

Ex-orcipitals —^These paired bones in O mdastigim are even more complicated 
in structure than in A hneatus Each ex-oooipital (fig 13) has a medial portion 
antero pastonor in direction and a lateial portion. The medial portion forms tho 
dorsal and lateral margin of tho foramen magnum and has a flat condyle for the 
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articnlstion of tbo sknll with the vertebral column The lateral portion starting 
from the foramen magnum forms a portion of the posterior skull in the antero¬ 
lateral direction The epiotic is attached from above to the laten^ j^prtion of the 
bone and shares a space for the ampulla between the horizontal and p^tonor senu 
circular canals, with the basi-occipital it shares a concavity foi the legenalith 

The ex-occipital condyles (fig 14) are flat and broadly oval in shape They arc> 
directed slightly mesially on either side of the foramen magnum and meet aimilai 
articular surface of the first vertebra The foramina for the gloaso-pharvngeal, vagus 
and occipito-spinal nerves are as usual present on the bone The largo foramen on 
the inner plate between the basi- and ex-oooipital of A livmtus is absent in fins 
fish The plate being narrow, the pharyngeal and vagus uer\es open out direct U 
through the vagus foramen 

(2) Vtaceral Sleleton 

Coiisidorable similarity exists between the visceral skeleton of this fish and that 
of A hmatus, except for the palato-quadrate arch, which does not contain a metop- 
terygoid, and for the possession of a different type of pharyngeal bones The 
palato-quadrate arch, compared with that of A ltnfiafun,m slondeivond nioie elongated, 
and resembles the typical Poeoillul type The sus^iensorium is much aiitonorlv 
disposed and the quadrate extends considerably beyond the anterior margin of the 
orbit for the articulation of tbo jaws Other minor differences regarding shapes 
and sizes also exist to a certain extent and are described below 

Hyomnndib’ukir —The hyomandibular (fig 17b) is more elongated, but com 
paratively loss complicated, than in A Itncahis It appears like a narrow jilate 
which twists in the middle, so that the lower half, which is nariowi'r at its iowi i 
end, makes a small angle with the upjier half Thin, flange like bony plate is also 
found on the outer surface of the bone Instead of the two condylar heads of A 
IvMOtua the dorsal edge itself is turned into an elongated condylar ridge which 
articulates with a corresponding concavity on tlu' ventral surface of the sphoiiotic 
There is no condylar head for the operculum, but the latter articulates with the 
posterior thicken^ edge of the hyomandibular A foramen for the passage of the 
hyomandibular nerve is situated in the middle but somewhat on the curved side of 
the bone 

Symplecttr —^Attached to the lower end of the hyomandibular is a slender 
symplectic (fig 17b) with a cartilagmous interspace between the two bones Com¬ 
pared with the large and broad symplectic in A hneatus, this bone is considerably 
more elongated and slender It is almost twice as long as hyomandibular and 
curves upwards m the middle Its posterior half is directed antero vontrally, while 
the anterior half is directed antero-dorsally The bone thus, forms a small angle 
which delimits the ventral margin of the orbital cavity The bone, posteriorly is 
sbghtly broad and gradually tapers into a pomt which reaches from inside almost 
on the middle of the quadrate The metapterygoid, situated above this hone in 
A hneatua, is missing in 0 melastvgma 

QvadraU —^The quadrate (fig 17b) is roughly similar to that m A hneatvs, but 
18 considerably more elongated just as the symplectic Its posteriorly directed 
narrow portion is rod-hke and almost reaches the angle of the symplectic Its 
anterior portion is broad and extending upwards, while its antero-dorsal margin 
IS truncated The articular head is double, just as m ^ htmitvs 

Mesopterygoxd —Mesopterygoid (fig 17b) is rouglUv rectangular, but has its 
upper margin slightly concave, just as m j4 Ixneatus It is elongated m shape and 
has slender curved ridges on its outer surface There being no metapterygoid, the 
bone 18 free at its jxistenor end and is only feebly attached to the dorsal portion of 
the quadrate from behind and merely touches the posterior margin of the fuseil 
palatine by its anterior edge 
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Ciompared with the palatine of A hneatus, the bone in this fish 
(fig 17b) IS considerably smaller and is of a different shape too It also appears 
reduced when compared with the elongated syraplectio and quadrate of the same 
fish It 18 attached to the antoro dorsal edge of the quadrate through a cartilaginous 
interspace and after extending along the antoro dorsal direction for a short distance 
ends in a thick articular head which has an anteriorly directed (oiicavity for articula¬ 
tion with the maxilla Unlike in A hneatus, the articular head is more anteriorly 
])lacod and is not in contact with tlio lateral ethmoid or the nasal It is connected, 
however, with the ethmoid tegion through its contact with a small circular notch on 
the oaitilage on the lateral margin of the mesothmoid 

Jjouer _y«ic -Tht lower jaw (hg Ifla) consists of the same elements as m A 
hiwuim, but then shapes ditfei 'I'lie aitioular is comparatively small in size and 
roughly triangulai in shape wnth a blunt apex, while at its posterior thickened edge, 
it bears a laige tarot for the donhlu condylar head of tho quadrate UnliKo in 
A hneatus, the bone has no innei and outei portions The inner side of the apex 
of tho articular bone has a distinct sesamoid aiticular bone Ihis boni' is small in 
size, but compared with the size of articular and the jaw, it is quite well developed 
The angular (lig 16) is almost of the same si/e as the sesamoid ai timilai, and occupies 
the usual position on tho jaw 

The exticmity ol tho ligament joining the inter-operclo to the angular is also 
slightly ossihod at the point where it moots the latter The dentary which is more 
prominent and well developed than in A hneatus, does not narrow down towards 
the median line, hut forms a uniform transverse bar which approaches its fellow 
(ramus) m the median line The two lami are much fiutlier apart m the median 
line than in ,1 hneatus and are connected by a short ligament Posteriorly, each 
dentary broadens out dorso-ventrally and extending up to the aiticulatmg surfaie 
of tho articular endfl m a jHistero doraally directed broad lobe-like process The 
latter is somewhat narrow in young spoeimens In a few old sjieoimens the anterior 
margm of the brood process is slightly dentate 

Tho transverse bar of the dontary has a double row of oomoal teeth Tho 
outer row has large teeth, which are slightly curved inwards at their apices Tho 
teeth on the inner row arc small and erect In old specimens the teqth on the outer 
row are not finely pointed A few smaller tooth are also found at the base of the 
second low m some specimens They aie particularly more numerous at the corner 
of the jaw (fig 16b) 

Male specimens are remarkable for their possession of additional sjieoia] tooth 
(fig 16b) on the anterior faoo of the dontary at tho corner of the jaw They, too, 
are conical, but thicker and larger than those on the jaw and are closeh set m a 
vertical row Their number vanes from three to seven They ate anteriorly 
directed and curved slightly downwards The female is devoid of any such sjiecial 
teeth on the dentary surface, which is plain and smooth 

Meckel’s cartilage is unossified for a short distance m fiont of tht articular, 
but at its extremity it is slightly ossified on its outer surface (’lose to the point 
of this ossification there is a thin dermal ossihoation adheimg to the corner of the 
dentoiy from mside The ossihoation probably represents the splenial or tho 
infradentary which is not found iii A hneatus 

Upper jaw —^Tho upper jaw is formed entirely by the pie-maxillanos, the maxil- 
larieo being behind and guiding the movements of the former The shape of the 
pre-maxillaries (fig 16a) is roughly similai to that m A hneatus except for the addi¬ 
tional teeth which vary accordingly tosex The pre-maxillaries are thicker and short¬ 
er in structure than in A hneatus, and have a transverse portion which forms the 
actual transverse part of tho jaw and a ventrully directed descending portion which 
bounds tho jaw on the sides Tho descending portion does not terminate in the spmo 
as in A hneatus, but has a pomparatively brooder and shorter ventral oxtrenuty 
The posterior triangular process of the transverse jiortion of tho jaw near its 
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mul-dorsal region iB shorter and more rounded at its distal end than the prominent 
triangular process in A Uneatua In some speciiiions the process is rather small 

The teeth on the transverse portion are similar to those on the lower jaw, but 
the dentition vanes on the desoendmg portion In males the dfliuMMliiig portion 
bears a row of throe to five thick and largo anteio-laterally ibrected conioal teeth 
They are similar in build to those found in males on tho anterior face of the dontary 
and are slightly curved downwards Some forms which have only three such teeth, 
have them equally dev eloped while m others which have more tooth, the uppermost 
tooth 18 tho smallest and tho others have progressively larger ventrally Females 
have a single large antero-laterally directed tooth situated somewhat above tho 
ventral extremity of the bone In a few sjiecimens oven this tooth is absent 

Siindara Raj (191b, plate XX\', fig 3) has figured a female pre-maxilla ending 
in a bilid tooth, which apjiears in fact, like two teeth In some sjieoimens examined 
during the present investigation there was only one largo antero-laterally directed 
tooth on tho anterior face of the ventrally dirooted extremity of the bone, but m 
other sjiecimens even this tooth was missing, its place being taken by a short cronate 
margin The absence of the tooth may bo accounted for by its having been acoi- 
dontally dislodged The male pre-maxilla also does not terminate in four to six 
teeth as shown by Sundara Raj The teeth are borne on the anterior face of tho 
doHoeiiding portion ot tho arm, leaving the extremity separate as in fig 16( 

Opercular honea —The oporoulum (fig 17a) is not triangular and so much pointed 
as in ^ Uneatua The ventral extremity being rather broad, it njipears quadri¬ 
lateral m shape Its articular surface is wider and glides over an undehned thickened 
pastenor edge of the hyomandibular 

Tho sub operculum (fig 17a) is similar m shape and attachment to that in 
A Uneatua, but the former is more thickened and larger than m the latter Tho 
ventral margin of the opercle is closely attached to, and extends over, tho dorsal 
notched portion of tho bone, so that the two bones appear like one piece The 
sub-opercle extends almost up to the dorsal margm of the opercle from behind and 
forms tho entire posterior and postero ventral margin of the oporoular apparatus 
Tho inter-oporole (fig 17a) is somewhat differently shaped from that m A 
Uneatua The posterior one-third le broad, the reraaming part being narrow, and 
elongated and slightly pointed The bone runs almost ventral to the palate-quadrate 
arch, its anterior third being attached to the ventral edge of the quadrate Tho 
distal oxtroniity is connected with the angular through a short ligament 

Tho pre-operoulum (fig 17a) has the faraihar vertical channeled portion but 
the horizontal portion has the channel branched ventrally The whole bone is 
smaller and different in shape compared with the pre-operoulum of A Uneatua At 
the dorsal end, it is attach^ to the hyomandibular behind the outer flange on the 
bone and possesses small openuigs in the channeled portion, suggesting its origin 
as a sensory canal bone The thin membrane m the inner angle of the two arms is 
attached by its dorsal margin to the ventral edge of tho syraplectic Unlike m A 
Uneatua, this horizontal arm of the bone is not elongated and extends only up to 
two-thirds of the symplectio 

Hyoid cornu —The inter-hyal of tho hyoid cornu is not present in this fish and 
the epi-hyal is directly attached to the cartilaginous mtorspaco between the hyoman¬ 
dibular and symplectic The epi-hyal and the cerato-hyal (fig 17c) are almost of tho 
same shape aa m A Uneatua, except that the distal part of the latter is not bifurcated 
and contains large amount of cartilage The bony ridgo continuous on tho dorsal 
margins of both the bones in A Uneatua is present in this fish also The 
hypo hyals are absent The basi-hyal is relatively extensive Its narrow posterior 
hau 18 ossified and the wider anterior half remains oartilaginous 

The branchiostegals (fig 17c) are five in number, the posterior two are more 
curved and flattened than the rest They are not excessively thickened and except 
in tho posterior first do not possess the upper ridge like thiekoning at the attaching 
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surface found m A Itneatua The posterior four rays are attached as usual to the 
outer surface of the epi-hyal and the cerato-hyal, hut the fifth mstead of being attached 
to the inner surface of the cerate hyal as in most fishes (Hubbs, 1921) is attached to 
the outer surface near the base of tho previous ray At times, the fifth ray is attached 
to the anterior edge of tho broad portion of the cerato-hyal In one specimen a 
rudiment of a sixth branchiostegal was also found but it v'as only on one side It 
was thm and slender, and lay in the same level and m the same direction as the 
other rays The slightly flattened anterior extremity was, however, coiisiderablj 
away from the attaching surface of the cerato-hyal In another specimen the fourth 
and the fifth rays wore almost fused together 

The attachment of the fifth hranchiosti gal ray to the outer surface of the corn- 
to-hyal in O melwtltgma is rather oxceptioiial in Toloosts according to Hubbs (1921), 
but in a dozen specimens examined during the present investigation its character 
was quite constant, except for the slight variation mentioned above 

Branchial skeleton —^Ihere are four functional branchial arches having gill 
filaments on their cerato-branchials and the usual hypo and basi-branohials forming 
the floor of the branchial apparatus The fifth branchial arch is reduced and modified 
into tooth-bearmg, inferior pharyngeal hones The fourth hasi-Lranchial is reduced 
almost to a cartilaginous vestige Just as in A hneatus, tho last gill raker of the 
first arch is excessively thickened and enlarged and appears like a first epi-branohial, 
which 18 undeveloped in thm fish The second epi-branchial is represented by a 
minute nodule of bone, the third being undeveloped The fourth (fig 18a) is 
remarkably well developed Its proximal portion is rod like, the distal region being 
bent and flattened into a tlun plate 

The pharyngo-branchial elements on each side fuse into a single triangular 
pharyngeal bone (fig 15b) with its apex directed posteriorly On the ventral 
surface of the bone there are 12 to 14 transverse rows of fine accioular teeth (tig 16b) 
which project into tho throat Each individual row is agam made up of a double 
row of closely sot tooth The floor of the bone, instead of being of a compact struc 
turo, 18 made up of a spongy network of bony lamellae on which the teeth arc borne 
The bone is concave on its dorsal surface and there is a narrow bridge over the 
concavity joimng the longer sides of the bone The whole structure, thorofore, 
exactly resembles a bath brush, with tho teeth representing the bristles, the bony 
network, the surface on which the bristles arc fixed and the narrow bridge connecting 
the sides of the bone, the strap at the back of the bath brush 

By the side of the apex of the pharyngeal bone there is another bony structure 
(fig 16b) with a row of minute teeth on its lentral edge and a thick, short shaft 
directed vertically upwards The shaft has a slight cartilage at its tip and arti¬ 
culates with the oramum above Tho bone may represent either the supra- 
pharyngeal element present in some Haplomous fishes or the first pharyngo branchial 
which, instead of fusmg with other sinular segments, remains separately ossified and 
has its articular extremity turned upwards 

The pharyngeal bones on each side he side by side m the roof of tho pharynx 
and their teeth work on similar tooth of the inferior pharyngeal bones on the tiqor 
of the pharynx The latter bones are derived from tho fifth branchial arches which 
are completely modified to give rise to these teeth-beanng bones These structures 
are identical in all respects ivith tho pharyngo-branchial bones on tho upper side 
The gill rakers (fig 18b) ore found, as in A hneatus, in a double row on each ocrato- 
branchial of the four gill arches The rakers on the outer row of tho first cerato- 
branchial are somewhat similar to those in A hneatvs They are, however, pointed 
much more distally than in the latter and do not possess the minute teeth on their 
inner surfaces They are somewhat awl shaped in appearance Those in the 
nuddle of the arch are the longest becoming shorter at either extremity The inner 
row, also, has similar gill raktes, but of a shorter type, which is found on both tho 
inner and outer rows of the following three cornto branchials 
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The median uro-hyal (fig 18i) on the ventral side is a peculiarly shaped structure 
Its anterior portion, which is close to the distal extremities of the oerato-hyal, is small 
and triangular with its base in front and its apex behind Tt\| ^ape x is produced 
posteriorly and divides into thin, lateral membranes, which eCTmraing upwards, 
fuse in the median line After extending a short distance, the membranes end m 
five short piooesses At tho apex of the anterior triangular portion, there is a 
dorsallv directed spur at right angle to the length of the bone Anteriorly, the 
uro hjal is attached to the basi-hyal and cerato hyal, and posteriorly to tho pectoral 
aich, just as in >1 hneatus 

The post-temporal (fig 18d) m (ompaiativelv much reduced in si/e and appears 
like a narrow splint of hone It is more lirmlv attached, howeier, to the opiotio 
and the cleithriim than in A hwatw 

Head skeleton of Horatehthi/a fetnav Kulkarni 

Tho hood skeleton of Horaichthya aetnat (fig 19) which is hardly 3 to 4 mm in 
length, differs slightly aci'ording to sex, the female haying a larger head than the 
male The length of the skull of an average full grown female specimen measures 
about 3 H mm with the jaw, and that of males 3 3 mm Tho breadth is 2 6 mm 
and 2 2 ram and tho inter-orbital space 9 mm and 6 mm rosjieotively The 
dorsal surface of tho skull and its tapering nature are almost identical m these 
particulars with 0 melaatigmn A slight crest formed by the frontals in the inter- 
orbital area is moie prominent, however, in H aetnat The dorsal profile is straight, 
but the ventral one at the lower jaw uses up suddenly to reach the dorsal level 
The proportion of the depth and breadth of tho skull to its length is also tho same as 
in 0 rnelaaltgma 

(1) SkuU (Figs 19 and 20) 

The skull jtroper is limited anteriorly by a prominent mesethmoid owing to tho 
absence of tho vomer Tho posterioi process of tho supra-occipital is even much 
smaller than in 0 melaahgma The frontals cover a large part of the skull Most of 
the other bones are feebly ossified and particularly the bones of the otic region are so 
very thin and feebly ossified that they appear almost transparent The panetals are 
absent A small cartilaginous area exists behind the poetonor edge of tho frontals, 
but the lightly stained area found both in A hneatua and 0 melaat%gma is not very 
apparent on account of the absenco of thicker parts The postoro-lateral corners 
of the skull are flattened, but the margin of the skull of either side of the foramen 
magnum is not so depressed as to give rise to the epiotic crest 

The ventral surface of tho skull represented by the occipital and otic regions is 
flat as in A Ixneatvs , but the anterior region resembles that of 0 melaatxgma owmg 
to the slender, ascending parasphenoid meeting the mesethmoid On the posterior 
margin tho articular concavity of the basi-ocoipital and the ex-oocipital condyles are 
present 

As in the other two cypnnodonts, namely, A hneatua and 0 melaatxgma, replacing 
cartilage bones in H aetnax are also separate by a thin layer of cartilage, and each 
bone, however complicated in shape, has a thin layer of cartilage between its upper 
and lower laminae 

Etktnoxd Region 

This region is almost similar to that in U nwUtatxgma except for the better de¬ 
veloped mesethmoid There is the bar-hke cartilaginous ethmoid to which other bones 
are attached A remarkable feature of the mesethmoid in H aetnax (fig 19) is that 
tho development of the bone differs according to sex, being quite pronounced m 
males as compared with tho size of the fish The bone takes the form of a trans¬ 
versely extening median plate in front of the ethmoid cartilage The position of 
the nasals, lateral ethmoids, lachrymals and frontals is the same as in O melaatxgma 
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but none of these bones overlap the meaethmoid Even the frontals, which Starks 
considered (1926) as almost invariably covering at least some portion of the meseth- 
moid by their anterior margins, are quite behind the bone in this fish 

The antero lateral corners of the mesethmoid are circular in outline and have 
thickened edges covered by a granulated surface The median auterioi margin 
18 concave, but not so thick as at the corners The poslerioi side is slightly truncate, 
but 18 also rounded in some siieciinens Where the margin is truncated the postoro 
lateral corners of the bone have Hmall notclum The dorsal surface has a low con¬ 
cavity bounded by the antero lateral thickeni'd edge The ventral surface has a 
very low median crest, on the posteiioi legion of which there is a slight groove m 
which the anteiior extremity of Ihe parasphenoid is lodged (lig 11) 

The meeethmoid haa uppei anil lowci laminae with cartilage between, as in 
O melaattgma As m the lattei the laminae are moie apart in the posterior region 
and the intervening cartilage is continumis with the ethmoid cartilage The laminae 
fuse on the anterioi and lateral margin except for a few small gaps on the antero 
lateral oorner 

Tn the females the mesethmoid (lig 19) m less developed and its osseous portion 
la smaller in size than in the males The thifU< nings of the antero lateial maigins 
and the concavities on fho dorsal and vintral sui faces are also absent The upper 
and the lower laminae meef m only the middle of tin anterior margin, and have wide 
oartilaginouH border all round os an extension ot the innei caitilago between the 
laminae 

The lateral othmoids arc simple in structmo Each bone is an antero-posteriorh 
flattened vertically situated plate at oil In r end of the ethmoid cartilage It is made 
up of two laminae with cartilage bi tween Tt comes m contact with the frontal 
and nasal on its dorsal side, and with the palatine and lachrymal by the mesial and 
outer inargui of its anterior fa< o respectively The olfactory area is bounded by the 
lateral ethmoid, mesethmoid and lachrymal and roofed over by the nasal The 
olfactory nerve passes into the area through the cartilage between the lateral ethmoid 
and the mesethmoid 

The nasals (fig 19) are semi-lunato ui shape and, being attached to the lateral 
ethmoids and the frontals beliind, reach the articular area of the pre-maxillanes by 
their apices 

Orh\to-Unvporal Region 

The frontals (fig 19) cover, as usual, the entire dorsal surface of the region 
The triradiate ridge on the ventral su-faoo ot the bone, which was clearly visible 
on even the dorsal side both in A hneatvs and 0 melashgma, is missing in tins fish 
The bone is, nevertheless, divided mto throe regions, vi7 supra orbital, inter 
orbital and sphenoidal, just as in the other two cyprinodonts, the divisions being 
apparent from the respective curvatures, which in H aelnai are particularly more 
promment on the surface of the bone Another difference in H eetnai is the presence 
of small pores of the sensory canal system on the bone Those are not aparent 
m the other two forms Further their posterior portions of the frontals do not 
diverge so much from each other an in 0 melashgma or A linmius Consequently 
the supra-oocipital does not seem to be much embedded between them, tint its 
distal portion remains merely covered by the latter 

The parasphenoid (fig 20) is slender and bent, as in 0 meUistigma, but is shorter 
than m the latter It has a narrow anterior portion forming about two thirds of 
the bone, a broader middle portion and a short piuximal flat portion The anterior 
portion 18 smoilar to that in O melashgma in all rospocts The broader portion has 
two large foramina on either side of the median hno The entire bone is bent in 
the middle of this rounded portion, so that the posterior half of the broader portion 
IS horizontal and the anterior portion is inclined in front The foramina are situated 
on the inclined portion and face anteriorly, so as to resemble the openings of the 
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tngomino facialis chamber or a rudimentary myodome found, but diftorently shaped, 
in () inelaeixgma The proximal portion is short, slightly thickened in the median 
line and hardly reaches the extremity of the basi occipital It i^j^l^ohed only to 
the mesial margins of the two pro-otics 

The alisphenoid in this lish (lig 20) is slightly diffeiont in shape, being somewhat 
moie dorsallj situated than in the otlier two cypriiUMlonts and roofing the dorso¬ 
lateral corner of the brain case behind the orbit The base is moderately broad and 
pyramidal in shape, but its anterior part for two thirds of its extent, instead of being 
flattened a.s in O melast\gma is nairow and slender Being more mosially directed, 
the alispbenoids approach the distal end of the supra-occipital closer than m the 
other cyprinodonts and connect j with the bone by a strand of cartilage The distal 
ena of the alisphenoid is also connected liy thin membranes with the broader portion 
of the parasphenoid on the ventral side and also with the ethmoid region in the 
anterior direction 

The laclu-ymal does not pixs-soas the tubular stiuoture found in other fishes It 
IS II very thin mr'sially bent lamina to which another curverl lamina is attached at 
its upper half The bone is perforated by the sensory canal system 

The dermosphenotic also is a very thin, slightly bent, scale like bone, with a 
distinct peiforation in the middle, and is attached posteriorly to the sphenotio 
process as in 0 melashgma 

Otic Region 

The otic region has the usual four ossifications ns m 0 melasltgma The region 
IS much less complicated than in even A hnmtus The tunnel like passages giving 
rise to the bony labyrinth are not well developed, while the cartilaginous areas on 
the capsule are present as in 0 melastigma 

The pro otic is a simple bone and has a single but largo foramen instead of two 
as in d linmtui The buttress like support to the wall of the auditory' capsule and 
its connections with other bones leseniVile similar features in 4 hnentiis On the 
sutural margin between each pro-otic and the roundod portion of the parasphenoid 
m the antero mesial direotion, there is an ojKuiing left on either side of the para 
sphenoid and the two openings appear like another pair of foramina behind the 
previously described pair on the parasphcuioid 

The epiotic is comparatively small and more dorsally situated than in tJie other 
cyprinodonts The bony passage on the inner side is not completely developed 
In some sjieoimens a very small process arises from tho dorsal surfaces of the bone 
A ligament starting from this bone proceeds in the same direction and is attached to 
the neural spines m tho same way as tho epiotic jirocess of O inehsttgma This 
shows probably that tho small process in II setnai may be an occasional ussifioation 
of the base of the ligament 

The pterotic does not possass the lateral wings on its margin nor tho articular 
facet for the hyomandibular epiphysis It accommodates m its cavity only the 
horizontal semi-circular canal The sphenotio is similar to that in 4 lineatua The 
articular head of the hyomandibular is attached to the cartilage between tho margins 
of the sphenotio, pterotic and pro-ofic 

Occipital Region 

Tho occipital region is quite extensive as in /I hneatus The siipra-oocipital 
(hg 19) IS almost similar in shape and position to that in A linmtm except on the 
posterior margin, where it develops on its upper surface three low orosts which 
terminate in short processes The middle of the three crests is mt'dian in position, 
its process, which is a single flat membrane, arises from tho dorsal surface of the 
bone as does the posterior process of A lineatua Tho other two crests have their 
processes similar but shorter than that of the median one The lateral projections 
of the bone have a thin cartilaginous membrane connecting tho base of alisphenoid. 
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Hphenotio, pterotic and epiotic, as in O melasltgma At its distal end, the supra 
occipital has the typical wedge-shaped area as in the other two cypnnodonts 

The hasi-oocipital (fig 2fi) is identical with that in A linmtus in most respects 
The contact of the internal aujiporting plates with this bone is not so ftim as in 
A hneatm or O rnelaMtgma and shows that the plates belong to the ex-oooipital 
element The paiasphenoid is not attached to the outer surface of the bone The 
ex-oocipitals are more extensive than m the othei two cyprmodoiits and extend more 
on the vontial side They have internal supporting plates between them and the 
basi-occipital In aildition to those plates each ox-occipital has another supporting 
bridge as in O mcldstxgrm Tlic ex-occipitals behave just as m the othei two 
cypnnodonts m lospeot of the formation ot the occipital condyles and the foiamen 
magnum, as also in other details 


(2) Vtscerul Skeleton 

The visceral skeleton of H setmn is almost idi ntical with that of () nukisliqnia 
except tor the pharyngeal boms, which resemble those of A li)uatus The hyo- 
mandibular an h is of the Poicillid tyjio (hg 21b) and the suspensoriiim (hg 21b) 
18 anteriorly disjioscd as in 0 meUinUgmu, the metaptoijgoid is inissiiig H nHmt 
IS remarkable in that it does not have the iiiaxilla developed m the pro-orbital region 
The pre-maxillanes forming the upjiei jaw (fig 21a) articulate directly with the 
palatine 

The byomandibular (hg 21b) is strikingly similar to that in 0 nwlasltgma, but 
IS lolativoly shoiter The aiticular head is elongated and, as stated previously, 
articulates with the cartihvgo botwoen the jiterotu, sphonotic and pro otic on the 
ventral surface of the otic lajisulo The condylar liead of the ojierole is rounded 
and promment, while the flange en the outer surface is jirosent on only the lower 
half The foramen tor the hyomandibulai neive pieieos the lower halt ot the bone 
from behind downwards, but the foramen bouig between the ujip'r and lower laminae 
of the bone is not visible laterally 

The sjmploctio and quadrate (hg 21b) aio also shortiT in length and thickoi 
than in 0 melashyrtut The mesopterygoid is missing The palatine (fig 21 b) is 
almost identical with that in O niehstigma, except that it articidatos directly with 
the pro-maxillary and at its distal articular head there is a small jiostei o mesially 
directed nodule which artioiilatos with the lateral cartilaginous margin of the niosoth 
mold 

The dentaiy of the lower jaw (fag 2'a) is well developed and constitutes almost 
the entire jaw The transverse portion of the jaw beats only a single row of small, 
comcal teeth, the special teeth on the anterior face of the dontary in the male of 
0 melaattgma being not develojxid in H aetnat 

The articular (fig 21b) is elongated and adheics to the dentary from inside 
The angular (fig 21a) is comparatively large Mockers cartilage jiersists as an 
inner core of the dontary and exteiuls right up to the extremity of the dentary on the 
median lino 

The upjior jaw (hg 21a) is formed by the pre-maxillanes only Th'' transverse 
portion of the jaw is slender and bears a single row of conical teeth The descending 
portion 18 flat and tluck and bears stout thickened teeth as in the male of 0 mcla- 
stxgma, but more numerous than the latter There is no difference m the dentition 
of either sex 

The ojieroulum and sub-operculum (fig 2Ia) closely adhoie as in 0 meiaatxgmu, 
and the two together form a thin quadrilateral plate The ojieroulum possesses, 
however, a short process above the articular head as in ^ hneatna and the articular 
cavity, too, is deep and well defined The intor-opercular is somewhat similar to that 
m 0 melaatxgma but its anterior slender jiortion is more elongated and approaches 
the articular surface of the lower jaw 
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The pre-operculum differs shghtly from that in 0 melaattgma It has the same 
general outlme, but does not possess the characteristic channeled appearance The 
uppei half of the vertical portion of the bone has a somewhat il^fetoed canal and 
possesses the perforations of the sensory canal system The vent!5l and the an¬ 
teriorly directed portion is thin and smooth The attachment of the bone behmd 
the upper flange of the hyomandibular is present as usual, but, m addition, the inner 
margm of the bone is firmly in contact with the cartilage ot the lower end of the 
hyomandibular and is difficult to dislodge 

The hyoid cornu consists of the epi hyal and cerato hyal as in Cl melaattgma, but 
the dorsal ridge on these bones is much more thickened and enlarged The artioulsu' 
facet 18 also wider than in the former The hypo-hyals are absent and basi-hyals are 
present in the normal manner 

The branohiostogal rays (hg 2 fa) aie onij four in number and are shaped 
just as m 0 melastignM The jxisterioi thiee of them are attached to the outer 
side of the epi-phyal and oerato-hyal, but the onteriormost is not attached to any 
bony element and remains tree m the doi mal tissue on the outer side of the oerato-hyal 
and on the same level as the other rays 

The lower pharyngeal bone losemblos similar bone in A liveatua, but with 
tower and more eiect tooth The upper phaiyngeals also possess thickened and erect 
tooth as in the latter, but aro disposed on two phaiyiigeal bones as in 0 melaattgma 
The anterior pharyngeal is comparatively small and has unlike iii 0 melaattgma, a 
laterally direct shaft and represents the first pharyugo-braiichial clement The 
other pharyngo-branchials fuse together to form the main enlarged upper pharyngeal 
bone, which bears most of the thickened teeth 

There are only two opi branchials to support the dentigerous pharyngeal plates 
The first is very small and probably lepiosonts the first epi-branchial element and the 
second is enlarged structure and may represent the 2nd and 3rd and 4th epi-hranchial 
elements It is slender proximally and broader in its distal half, where it boars a 
cartilaginous margin for attachment to the majoi pharyngeal bone The general 
plan of the development of those structures is, however, quite similar to that form 
in 0 melaattgma, thore being two pharyngo branchials and two opi-branchials, one 
laige and one small in each case 

The post temporal is small and lod like as lu 0 melaattgma, but at the point 
of its contact with the cleithral spine there is a short process at the extremity of the 
bone which works like a hook and strengthens its grip on the spine (fig 19) 

Head skeleton of MoUtentata 

The head skeleton is flat dorsally as m tho Indian uyprmodonts, but considerably 
tapers in the antorioi direction The jaws aro small and their susponsonum is 
anteriorly disposed The lateral ethmoids extend more medially than m tho Indian 
cyprinodonts, but do not meet in the median lino Tho mesethmoid is much less 
develo^HMi than in the male of H aetnat, hut resembles that of 0 melaattgma or the 
female H aetnat Vomer is present with a few teeth on it Tho frontals are exten¬ 
sive and divided into thiee regions os m the Indian forms Parietals, orbito-sphenoids 
and basi-sphenoid aro absent 

Ahsphenoids are somewhat larger than in O melaattgtna Each has a mesially 
duectod jilate, whioh meets tho lateral plate of tho parasphonoid The anteriorly 
directed plate of the pro otio also meets tho alisphenoid to form a larger foramen 
opening anteriorly The parasphonoid is somewhat similar to that m O melaattgma, 
but differs from it m tho length of its lateral plates extending sufSoiently to meet 
tho mesially directed plates of the alisphonoids The parasphonoid is firmly attached 
to the basi-ocoipital but while it passes over the pro-otios, it leaves a narrow space 
between the anterior ventral surface of the pro-otic and the bone itself The dpaoe 
indicates tho formation of a myodouiu in those fishes The pro-otios have all the 
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plates and processes found m 0 mdaattgma The supra- and basi-oooipitals have 
the same structure as m the Indian oyprmodonts The ex-occipitals being compara¬ 
tively small, the supra-oooipital unlAe the Indian oyprmodonts takes part in the 
formation of the foramen magnum The internal supporting plates of the basi- 
oocipital support the ex oooipitala, but the latter have no condyles for articulation 
with the vertebral column 

The structure of the hyomandibular, sympleotic and quadrate is as found in 
O melast%gma, but the autopalatino is rather complicated It has a thick articular 
head at its dorsal extremity and a concavity on the mesial side, both for articulation 
with the curved maxilla On the lateral margin of the bone there is another thickened 
head for articulation with the lateral ethmoid 

The pre-maxiUa is very small as compared with the bone in the Indian cyprmo- 
donts It has no posterior prooossos on its transverse portion The teeth are in 
two rows, those on the outer row being slender, elongated and curved inwards, and 
those on the mner row lieing short, erect and situated at the basis of the former 
The dentary is also small and has similar tyjie of teeth The maxilla is extremely 
curved and twisted The hyoid cornu m normal as ni the other eyprinodonts 
Branchiostcgals are five in number and aie attac.hisl in the same manner as m O 
nulaattgma The gill rakers and the pharyngeal bones and their teeth aie strikingly 
similar to those m 0 rwlastxgma 

The post-temporal bone is quite different, howevci, from that in any Indian 
oypnnodont It is straight and slender in the anterior portion but is forked in 
the posterior region 


CoMPARATivp Summary 

The salient features of the head skekton oi A hrieatus, O meUistigmu and U 
tetnai described above may bo summarised as follows — 

Chondrification ot the skull is incomplete, brain ease being inadequately pro 
touted by bones Small cartilaginous aieas remain iinossiliod at places Cartila- 
gmouB mterspaoes are visible between the margins of replacing bones, and also 
between their outer and inner lanunae 

Most of the ethmoid region in all the three genera is unossified except the lateral- 
ethmoid area 

Orbito sphenoid and basi sphnoid are uruversally absent 

Large and extensive frontals are developed in all the three genera 

Mesethmoid (or ethmoid of other authors) is cartilaginous and detached fiom 
the ethmoid oartiiage m A Ixmatua In O melmtxgrm, however, it is an ussihcation 
of the anterior part of the median ethmoid mass of cartilage and consists of double 
Jammae with cartilage m between The bone in H aetnax has the same origm and 
structure as in O mdmtxgma, but is further specialised to manifest sexual dimorphism 
both m shape and size, and it articulates with the palatine (autopalatine) 

Alisphenoids are comparatively small in A Ixneatua and slightly more enlarged 
in the other two genera 

Supra-oocipital does not take pait in the lormatioii el the loramen magnurn in 
the three genera 

Kx-oceipitals, in view of their share m the loimatioii ot tlio otio capsule, in place 
of opisthotic, become auto-ocoipitals m all the threw genera 

Basi-occipitals and ex-docipitals afford condylar surfaces for articulation of the 
skull with the first vertebra 

Small panetals are present in A Ixneatua, but are absent in the other two 
genera 

A distinct vomer with rows of teeth on it is present in A Ixneatua, but the bone 
u absent m the other two genera 

Opisthotio 18 absent m all the threw genera 
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Theio aro no epiotio procoBaea in A Itneatua and H aetnai whereas they are 
[ireboiit m O inelastigma 

The pro otio is oomparativoly more dovelopod and oomphcat^^MW 0 melaattgina 
and H setna\ 

An elongated paraaphenoid is attached vontrally to the vomer m A Ixneaiua 
and to mosethmoid in tho other two genera in which it is more complioated ' 

A hneatua has no myodomo, but a rudimentary concavity of this type is ob¬ 
servable in tho other two genera 

Tho lachrymal and dormosphonotio, the only bones of the oireum-orbital seriee, 
aui piesont in all throe genera Dermosphenotio is attachoil, however, to tho pos¬ 
terior face of tho sphenotic iirocesu in both O melastxgma and U aetnax 

Metaptorygoid bone is present m A Ixneatua, but is undeveloped in the other 
two genera 

Mosopterygoid element la present m A Ixruatus and O mdaatxgma, but absent in 
U sttmix 

In A Ixneaius the palatine (or autopalatino) of the palato-quadrate arch has 
a double condylar head for articulation with the ethmoid and the maxilla, whereas 
It IS moie antoiiorly dispostxl m 0 mdaalxgrm, articulating with only tho maxilla on 
each side In H aetruix, however, it articulates directly with the pre-maxillariea and 
partially with the meaothmoid The suspenaoriuro of the jaws la, thus, progressively 
disposed in an anterior direction 

Maxillae aro present in A Ixmatua and O vitUiatxgma, but not m H eetnax 
The pro-inaxillanes are well dovolojied in all tho three genera, but have, in 
addition, posterior processes developed m A Itneatua and 0 melaatxgma, in which 
also there is sexual dimoiphism m the dentition on these bones 

Hyomandibular m A Itneaixia has two articular heads for articulation with the 
skull, wheieas the othei two genera have a single elongated ridge 

Sclerotic bones are present in A linealua, but not in tho other two genera 
A wedge shaped cartilaginous area at the extremity of the supra-oocipital 
coimeoting it to other bones by cartilaginous strands occurs in all the three genera 
Symplectio is well developed in A Ixnealua, but only less developed m the other 
two genera « 

Dentary, articular and angular occur in all tho genera, but aro well develoiiod 
in only J hrieatus Dentition on dentary shows sexual dimorphism mO melaatxgma 
There is a distinct condylar head on the hyomandibular for articulation of the 
operculum in A Ixneatxis and H eetnax Much a head is absent in O melaatxgma, the 
operculum hingmg on the thickened edge of tho hyomandibular 

Hypo-hyals are separate in A hneatus, but fused with the cerato-hyals m the 
other two genera 

In A Ixneatua the last two branchiostogal rays, viz hfth and sixth aro attached 
to the cerato-hyal from inside, as is found in tho higher groups, such as Perciformes, 
etc The attachment of tho lost branchiostogal rays is, however, exceptional in 
the other two genera, the last rays being attached to the outer surface of the oerato- 
hyals 

Fourth basi-branchial is reduced in size and cartilaginous m A Ixneatua and 
O melaatxgma, but absent m H aetnax 

The structure of the lower and upper pharyngeal bones is similar m A Ixneatua 
and U seinax, but different m O meiaattgma 

In A Ixneatua there are three pharyngeal bones (lolir pharyngo-branohials) and 
four epi-branohs In 0 melaatxgma and U Mtnax there are two pharyngeal bones 
and two epi-branchs, the first pharyngo-branch and epi-branoh representing the 
bones of the first arch, and the second pharyuigeal bone and second epi-branoh 
representing fused bones of respective elements of second, third, and fourth arches 
A strengthening ridge between the epi-hyal and oarato-hyal, oharaotenstio of 
some higher groups, is foimd m all the thiw genera 
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Gill raliers are of two different ehapes on the first oerato-branohials m A Imeatus 
Those m 0 melaettgma and H seinat bear a greater resemblance to each other than 
those in A hneattu 

Post-temporal is unforked m aU the three genera 

This oompanson of the skeletal structures reveals that O melastxgma is more 
closely related to B aetnax than to A Ixneatus H aetnai, appears, however, to have 
further progressed and shows structural similarities to Qambusxa and MoUtentata 
(Poeoilhdae) under the foUowmg heads — 

(1) Suspensonum of the jaws disposed considerably in an anterior direction, 

(2) Fre-maxiUarios havmg no posterior processes, 

(3) Presence of a typical mesethmoid, 

(4) Absence of metapterygoid, 

(5) Presence of rudimentary myodome, 

(6) Absence of basi-sphenoid and orbito-spbenoid, 

(7) Development of typical gonopodium and its suspensonum (Kulkami. 

1940) 

CONOIilTDINO BeHABKS 

Detailed study of the osteology of A Ixneatus emphasises the need for a revision 
of the present distmguishmg characters of the sub order Poeciboidoa, of the order 
Idiorooyprim to which the cyprmodonts belong The skeletal features so far consi¬ 
dered to bo characteristic of the aforementioned sub-order are not umversally 
apphcable to all representatives of this group Starks (1904a) listed the presence 
of a circular, soale-Iike ethmoid (mesotlimoid) and tho absence of a metapterygoid 
m the palato-quadrate arch as the first two ^agnostic features of the super-family 
Poecihoidoa Regan (1911), rovismg the classification of tho order Miorooypnm 
(Cyprmodonts), considered the absence of the metapterygoid as one of the distinguish¬ 
ing features of tho sub-order Poooihoidea Myers, too, in 1931 accepted this view 

The present investigation reveals, however, that the absence of tho metaptery¬ 
goid cannot be regarded as a distmguishmg character of tho group, since the metap¬ 
terygoid IB mvariably present m A Ixneatus, A blochxx {A •parvus of Sundara Raj) 
and A panchax, all of which are members of the family Cypnnodontidae of the 
sub-order Poecilioidea The metapterygoid is absent, however, in 0 melastxgma and 
H setnax 

Further, the structure of tho mesethmoid m the three species of Aplochexlus 
exammed, is pecuhar In these forms the element is nut a thin and scsle-hke bone 
but an mdependent piece of oartdage Tho typical mesethmoid characteristic of 
other Cyprmodonts is, however, present m O mtlaatxgma and H eetnax This 
mdicates that the genus Aplochexlue may bo somewhat differently orgamsed m the 
Cypnnodont group, both in possession of a distinct metapterygoid piece and m havmg 
a pecuhar cartdagmous mesethmoid 

Regan (1911) has characterised the post-temporal of the order Microoypnm as 
being forked, but this bone m all tho three Indian genera (sub-order Poeodioidea) 
IS not forked 

A oompanson of the various skeletal features of the three Indian Cyprmodonts 
studied reveals greater afSmty between H setnax and O melastigrm than between 
A hneatua and 0 meHastxgma and finally substantiates the view held previously by 
the author that H setnax must have evolved directly from 0 meJastxgma Moreover, 
the alight sexual dimorphism apparent m O mdastxgma m respect of the modification 
of a few anal fin rays of the mme is further accentuated m H setnax (Kulkarm, 1940) 
so as to give rise to a oomphoated gonopodium—a feature that necessitated the 
molusiou of the latter m a separate famuy Horaichthyidae In view of this, H. 
Htnai marks a defimtely higher stage of speoiahzation 

The skeletal features of the In^n forms H setnax and 0. meUistxfma have also 
disdoeed a striking simfianty with those of the American viviparous Poeoilhds, 

4 
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MoUremmi and Garnhueia suggesting convergent affinities in forms, geographically 
dis*riI)iitoil bO widi ly apart 
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o gl r 
par sph 
phr b 1-2 


phr br 



anterior process of lateral otlimoid 
ahsphonoid 

luiterior process ot lateral ethmoid 

anterior thickening 

articular surface el basi occipital 
basi occipital condyle 
basi occipital 

liasi hyal 

branchiostegal rays 1-0 
buttress like support 
branchiostegal ray 
oartilaginoiis area 
cernto branchial (third) 
cerato branchial (first) 
cerato hyal 
cleitbriun 

dorinusphenotic 

epi brancliials 1 to 4 
epi hyal 
epiotic process 
othmoidal < artilage 
ox occipitid condyle 
ex occipital 

foramen magnum 

gill filament 

liyomandibular 

hypo hyal 

inner gill raker 

inter hyal 

inter opercular 

inferior pharyngeal bone 

lateral ethmoid 

lachrymal 

Meckel’s cartilage 

mesetbmoid 

mosopterygoid 



occipital condyle 
outer gill raker 
parosphenoid 
pharyngeal bones 1 to 2 
pharyngo bronchial 
(auto) palatine 
pharyn^l teeth 
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pr par eph 




tr Iftt oth 
iir hi 


pre maxilla 

posterior pie-maxiUary process 

pro otic process 

pro otic 

pre-opercular, 

pro otic. 

parasphenoid process 

post-cleithrum 

pterotio 

post temporal 

post temporal 

quadrate 

sclerotic plate 

sesamoid articular 

part of senu-oircular canal 

sub operculum 

sphenotic 

sphenotic process 

Bub-operculum. 

supra occipital bone 

supra occipital process 

symplectio 

transverse process of lateral ethmoid 

uro hyal 

vomer 



—The dorsal 
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Kio 16 —Jaw bonos of O mtiaMxgma (McIId ) X35 

(a) Hight pro maxilla of fomale 

(b) Iioft dantary of male 

(o) Right pro maxilla of male. 



Fio 17 —Bonos of visoeral skeleton of O mikuttgma (Molld ). 

(a) Opercular bones x26 

(b) Hyomaadibulor aroh x26 
(o) Hyoid oomu xW 



INDlAS OVyBINODOUTS 




n of O mdatttgma (Mi llil 











ON A GRAVITATIONAL INVARIANT 


By W V Naklikab ajid K P Singh, Betutrea Hindu Umveraity 
{Head March 7, 1047 ) 

Abstract 

The gravit<ition»l inv»rinnt is ovnliinted Sot g< viral Rieinaiiuiun inolnts. It 

18 found to bo positive everywliero in lertam well known gravitational fleldn A metric satisfy 
ing the gravitational field equotiona for empty spueo is given for ahieh the invariant is negative 
everywhere. 

Eddington (1930) has disi ussed the invariant 

K ^ (1) 

in oounoction with the third crucial teat and also with referoiuo to the possibihty 
of conatruoting alternative field equations and representing the propagation of 
gravitational waves The invariant must be distinguished from 

(0 («) 

either of whic.h can he easily shown to he —\K The importance of the invariant 
lies in the fact that the condition of the cxistenee or non-existence of a gravita¬ 
tional field at a point is expressed hy 

or *rgyo = ». 

respectively, at the iKimt and instant concerned 

The 20 indeiieiidont components which do not identically vaiusli an 

•^^1*12 =“ -^1818 = -^2323 = •''Si -^1414 = •'■4> -^3424 = *6i 

^3434 = *«> ^1123 = ^T- ^^11.4 = ■''8. ^1134 = •*»> ^2313 = -^10. 

^2241 = *11> ^2284 “ -TlS. ^3312 = •*13' ^^3314 = •^14> ^3824 = *16' 

®4412 = *18. ^4418 = *17. ^4423 = *18. ^^1234 = *19. ^^1342 = *20' 

With 

■^1428 == *21 * l »+* 20+*21 = 

For a wwk giavitational field for which 

= g^ydxt'dxy = (8^y-f A^y)d*'*e/ry , (2) 

in the usual notation, if O^y jh 0, 

K = 4(»*4-»j+*8+*;;+*j+*^) 

-f8(r*+a:j*-fa:®-px*+**+*“) 

-8(*l+*S+*fi+4+^H+^f6) 

-8(x*+4+x*). . (3) 
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to the eeccnd order in h’s If Ony = 0, 

H = -H, •= -*6. *S “ -*4. *7 = ^•is. 

■®10 = * 17 . *18 = * 1 «. *8 = —* 16 . *» “ —* 1 *. 
*11 == -* 14 . * l +*2 + *8 = <1 . 

•md * 

K = 8(*J+*l+*^)+ 16(**+*io+*iis-®8— 

—8(*,9+a:^+»jj) , 

to the same order of approximation If 

^^ = 0, l/,4-1/24=1/41=0- 


( 4 ) 

( 6 ) 

( 0 ) 


tlie invaiiant expreawons (3) and (6) boooinc suiua of squama Our laloulation of K 
for the two-body metric given by Einstein, Infold and Hoffmann (1938) shows how 
the positive and negative contributions to K arise and the relative magnitudes 
of the two 

- ■>•(- - v ) 

^4 = = W, a./S = 1, 2, 3 

rf = (i:i_fl)t+(x*-,,i)*+(x*-;i)*, 
r* = (x 1 _{ 8 )*+(x*-,,S)*+(X»-C 2 )» 


//I I and m 
lespeotiv^ 
given by 


I aio niaaa oonstants assooiateil with tlie points (^J, rj', {') anil (f*, t;®, {*) 
ly A 18 a parameter of expansion of small but definite magnitude K is 



*'2 ' ^ 1^2 




-36 ~ nr^ix^ -f‘)(*1 -f*), (7) 

’•i*'2 

where 

({^)‘,«! =(^*)*+(w*+({?)* 

The first two terms in the expression for K are clearly positive All the 
remauung terms involve velocities In view of the smallness of the velocities m 
natural co-ordinates the invanant is always found to bo positive Incidentally, it 
may be noted that the overhead dot is usrf in the above to denote a differentiation 
with regard to x* 
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If *1, *», and arc represented afix,y,z and t respectively and if wo take 
all A’s zero except 

A44 =0 o**+6y*4-e*®+2/y2+2gr2a:+2Aa;y+2irf+2»»yt-f-2n2t+6tt*, 


Aj 4 = rtxl-f-Ayl+yzl + Ai45*4-Aijy*4-A8z*, 

Aj 4 = Ai;t+^*+/2t+/i.i-K*+nty*+/*8^'^> ■ 

Aj 4 = !7.rt+/y<+f3<+yix2+yiya+VaS*, 
wo have, curiously enough, 

^ 0. = ‘h A' = -16 (Aj+p^ + y^), '(9) 

provided all the ooeflioients, a, A, c, ok , are taken as constants 
For the mctno (Narlikar and Kaimarkar, 1046), 

rf«*= —{\+H)r‘dx'i-(\-^kt)idii^-(\+klYdz^+<m, (10) 

for which p, q, r are constants satisfying 

p+q+T = 2,pq+qr+rp = 0 (11) 

and = 0, the exact value of the invariant is found to he 

2(1^4 (i>V+«*r*+r*p*) (12) 

whi( h IS always jiositivc 

For a perfectly general hne element of spheritul symmetry, viz , 

** = _ fcA drt - r* {d0i + siiiStf tf^*) + d<*, (13) 

A = A(r, l),Y = y(r,t), 

we find the exact value of tlio invariant to be 



where an overhead dash denotes a differentiation with regard to r and an overhead 
dot a differentiation with regard to < Our detailed investigation shows that the 
negative term either disappears or is weak in the particular cases which '"are 
known to be physically significant as gravitational fieldis 


Bki-jcbenobb 

Eddington, A S. (1930). The Mathematical Theory of Relativity, 72, 02, 131 and 141 
Binatem, Infeld and Hoffmann (1938) The Qravitabonal Equations and the Problem of Motion, 
ilnn. Math. II, S, 39. 66 

Narlikar, V. V. and K. B Karmarkar (1940), On a Curious Solution of Relativistic Field Equa¬ 
tions. CurrantiSoisncs, 3, 69, 






ON THE MAGNETIC BEHAVIOUR OF FREE ELECTRONS 


By K a SiNOWi • 

(Commumcatod by Dr D S Kothari, F N I ) 
{Rend April 18, 1947 ) 


Abstract 

A relativistic version of tbo quantum mcchanual theory of Klem Lindhard of a free electron 
gas m a magnetic field is given, and an oxpresaion for the susceptibility of a relativistic degenerate 
electron gas is derived It is shown that the ratio of tlie paramagnetic to the diamagnetic wus 
ceptibility is 3 even m the general ease 


Intboddction 

In & recent paper 0 Klein (1946) has discussed the problem of a system of 
electrons subject to a weak magnetic field wheic account is also taken of the field 
generated by the electrons themselves The method in the general case leads to a 
linear integero-difforential equation for the held, and not only readdy loads to an 
expression for magnetic susceptibility but it can also deal with problems where 
the concept of susceptibihty is inapplicable Following Klem, Lindhard (194(1) 
has treated in detad the case of a free electron assembly subject to magnetic and 
electric fields Lindhard’s treatment is throughout noivrelativistic 

In the present paper which is confined to the case of free electrons subject to a 
magnetic field the treatment is made relativistic In the non-relativistic tlieory 
of Klein and Lindhard the diamagnetic susceptibility is derived from the current 
density vector arising on iw^count of the peiturbation of the translational motion 
of the electrons, and the paramagnetic susceptibihty is obtained from the magnetic 
moment arismg on account of the perturbation of the spm motion of the electrons 
The relativistic treatment, on the other hand, htis the advantage that the general 
expression for the perturbed current-density vector consists of two parts, one part 
correspondmg to the peiturbation ot the translational motion and the other part 
correspondmg to the perturbation of tiie spui motion of the electrons, the former 
giving rise to diamagnetism and the latter to paramagnetism The two currents 
enter together as is to be expected in a relativistic theory 


Dkbivation of thk Cubrbnt-Dmnsity Vkotoe 

We consider an assembly of free electrons occupying a volume V The wave 
function of a free electron in the absence of field is 

(1) 

where t7* is the Dirac amphtudo, ifcthe wave vector of the electron (k = irrjX, X being 
the wavelength) and r the co-m-duiate vector 
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The Hamiltonian of an electron with charge — e in a field defined by the 
vector potential A, in 

(p+eA,)+/3fi. (2) 

« - 1, 2, 3 

where a, and /S are the Dirac matrices, p the momentum vector (in energy units) and 
ft, == f/ufi the rest energy of the electron 

In the presence of a magnetic field the wave functions aio perturbed Denoting 
by >p{r) the perturbed wave function corresponding to the unperturbed wave 
function ijikoif) we have 

where the coefficients arc given by 

i>od «■„, = J = V I (c; d. C^,) <■ (6) 

dr' being the volume element and //' = exs As, the perturbing term in the Hamil¬ 
tonian The ( urrcrit-v( ctor 18 

h = —ce (6) 

The perturbed current vector of the electron originally in the state is to a first 
ajiproximatioii 

L *sfc*o -I 

and hence the modification in the current due to tlie perturbation is 

■+2mc.>.c.) '] ,81 

Substituting for «ao* from (4) in (8) we have for the Jf-component of the current 

=- ^ [ I 2e*'*”'*’ 

+j 2 (E^) rfr'], (9) 

where S * denotes the summation over both signs of energy and spm for states of 
given k and Sq is the summation over both signs of spins for states with momentum 
k,f and positive energy 


• It may be noted here that il the aununatiou b is perfoniied over states with positive 
energy only, an extra term occurs in the current expression as can be seen by evaluating the 
spurs after mtroducing the annihilation operator Ht+ml2 1 Ek | The extra term has no physlral 
Bigniflrance 




SINOWI ON THE MAONBTIC BEHAVIO0K OF FBKE ELECTEONS 


127 


Introducing the annihilation oiierator |2 | | and evaluating the 

spurs we have 

1 , . X . / . V 

- k,K, - U ^.)+A,{ kX, +I,*.x)+ A^kX.+ ^.^ox)] (10) 

Similarly 

1 , . . V cmA^ c2^2 

[A^{kXt+kX*)+A,{kX,~kX.-kX.)+AAkX-+^A))l (11) 






x( fc,ifc„+ kXs )+^y( kXt +) + ^.( k,k^.—k,k„^—kX,)] 

The perturbed current, theretore, is 

{Aio^lrl + l^lr) Ar,)<r+(4(r) k)k„—A{r](k *•„)] 

+ yf{i?^{f)+(^(r) fc,)ifc+(x4(r) k)k„^A(r)(k 
Introducing in (13) the Fourier expansion 

1 r -,k r I 

or rfr J 

where c/r stands for dx dy dz, we have 


8**0 - - + *o)^+(^(*o-*) *)*o 

-^(Ao-ifc)(/fc A,)jg.(»«-*) f+{*^x4(*-ifco)+{4(*-*.) *o)*+(4(fc-fc,) k)k, 

where dk stands for dk, dk^ dk, the volume element m ib-space 
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The above equation m terms of the variable k' ™ ifco—assuming dw A[r) m 0, 

1 e A(k') k' = 0, reduces to 

wliere m (16) we have dropped the dash on k 

We shall now average Si*, for all directions of io As wo have assumed 
div ^■l(r) = 0 the vectors k and A(fc) are perpendicular to each other Let k be 
chosen along the axis of z and let the direction of k^ bo given by 6 and the former 
being the angle between k^ and k and the latter the angle between the plane through 
k and ko and the plane through k and the direction of A{k) Integrating first with 
respect to ^ we see that the contribution to the integral will arise only fi-om that 
part of the integrand which is parallel to A(k) Thus we get 

f 'A{k) . ce» f dke‘* 'A(k) _ 

l^(2ir)» j 2V'*^c*X®+p*‘^ *^(2^)1 J \/*!Sc»A*+p* 

where 

and 

1*1 

Since by definition f is always positive, we shall be concerned with the behaviour 
of thefunction8/({) and F{() in the interval 0<f< oc For large values of f({>l) 

the two functions /(f) and f’(f) have respectively the asymptotic forms — and ^ 


For f = 1 

m »1 


F(f)-ec» 

and for f = 0 

/(f) 0.2 


F{£) = 1 


The two integrands in (17) are always positive We see from expression (17) of the 
current that it consists of two parts the negative part givmg rise to diamagnetism 
and the positive part to spin paramagnetism In contrast to the non-relativistio 
theory of Klein and Lindhard, the two ourrents here enter together 
In the non-relativistic case (17) reduces to 


2(2»)t»ncF 


j dke'^'A(k)m + 


(2»r)»«»cF 


d*e‘*'^(*)J’(f) (19) 
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The first part of (19) is identical with that deduced by Klein, whereas the second 
part when transformed m terms of magnetic moment r^uces to Landhard’s expres- 


Calculation op the Inducld Fields 


The vector potential 8.4 (r) of the field due to the current 8i(r) is given by 

V*8^(r) = - 8i(r) (20) 


From (14) and (20) we have 


—, 8^ 'dJfc - 8 ,/r) 

(2ir)^ c 


Comparing (21) with (19) we have tor the induced field corresponding to the first 
part of (19) 


and corresponding to the second part 




irteH{k^A{k) 



(22) 



pm. 

(23) 


where 8.<4<(ife) denotes the current induced field and 8.4,(ik) the spin mdiiceil field 
w(fco) 18 the number of electrons per umt volume with wave number kg and per 
unit range about it Equations (22) and (23) are fundamental equations of the 
present theory For f ^ 1 (22) and (23) respectively reduce to 


3 4ko\/ 

(24) 

‘^k„Vkk^n>‘+ti^ 

(26) 


Followmg Lmdhard we determme the susceptibibty in the followmg manner If 
the ratio of the mduced field 8.d,(ifc) to the total field A(k) is independent of i, 
except perhaps for a negligible surface layer at the gas boundary the susceptibility 
IS given by iAi(k)I^A(k) Such an mdependence of k is evidently mdicated by 
(24) and (26) but is not found m the more general i ase represented by (22) and (23). 
For a fuller discussion of the problem of the existence of susceptibility we refer to 
Lmdhard’a paper It la mtereating to note that tn the general case lopresonted by 
(24) and (26) where account is taken of the relativistic mechanics the ratio of the 
two mduced fields is — which is in agreement with Landau’s result for the 
non-relativistio case 

For { <1, i e. ji( large, and both tend to zero The boundary con¬ 
ditions for the field demand that the mduced field should vamsh at the boundary 
The vanishing of the induced field at the boundary of the gas volume is eqmvalent to 
the vanishing of the higher Fourier coefficients of this field This decrease of the 
higher Founer coefflciente is a purely quantum theoretical phenomenon and has of 
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course no connection whatever with Bohr’s proof that the susceptibility of an 
electron gas, according to classical physics, is zero 

SCSCEPTIBIUTY OP A COMPLETELY DtOENEEATE ELECTRON GaS 


According to our definition the paramagnetic susceptibility in the general 
IS given bv 

_ r* i n{kg) 

-TZkl 


■ 4wA(ifc) " 


(26) 


where the summation iiu liides all values of kg 
volume between Ig and kg+dkg is given by, 

4ngkldkg 
n{kg)dkg = —(2^ 


The number of electrons per umt 


where g is the weight factor for the cU (tron {g = 2) The paramagnetic susceptibi¬ 
lity IS, therefore, given bv 


4irge» _ dk^ __ 


(28) 


where Kg (the maximum value for kg) is related to the electron concentration bj 


Integratmg (28) we havi 


Xp = 


irge^ 


(2ir)*cft fijch 

In the non-relativistic lase (KgcH^^ft) (30) reduces to 
m »i3‘ , 


“^\4TTgJ 

(iM 


(2w)*+;^ 


'ft* irJ 


n*, 


which 18 the well-known expression of Paub 

In the extremely relativistic cast (Aocft^/i) we have 


(29) 

(30) 


(31) 


Xp 


J3*m*c 

ft«a* 


log. 


(24n*)tft ^t 

me 


(32) 


where B is the Bohr-ra»gneton ( B 


2mc/ 


The diamagnetic susceptibibty wiU be — J of the above value The occurrence of 
log n m (32) is interesting, and is due to the fact that the magnetic moment of the 
electron varies with the kinetic energy 

In conclusion I have great pleasure in expressing my gratitude to Prof D S 
Kothan under whose guidance this work was carried out 
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ON OPERATIONAL CALCULUS 

£</ H C Gupta, Ph D , Professor of Mathenmttcs, 

Meerut College, Meerut 

{OommiiUKivtod 1)y Dr Ram Behan, M A , Ph D , ScJ) , F N I) 

{Uecewed Aprtl 4 , read May 2, 1947) 

Theorem I lff(p)^h(r),theiiforn>Q,E(\)> — l, 

p'‘'V(P‘'‘) = FU)«r^J h{8) J>l{sxt‘) ds, 

where* 

{(-x)7rir(l+A+^r)), 

provided that 

(i) OS «-►(), A(«)=o(a-‘ + ‘), 

(*t) OA s ->■ 00 , A(«) = o 1)-1 - exp (—a* cos rrk)], 

k being equal to I/(/i+J) and t, «' being arbitrarily small jwsihve numbers and 


i:--' 


’F{x) dx 


converges absolutely 

Peoof By the dehiiiiion ot o[>oratioiial lelationnhip 

x^ J* A(a) ds — p j dx j his) J*^{sci') ds 

- •• //'•' *//""" Sri 

“f J/wSHj^r''* 

= pn-^p-nj h(a) exp {—p-i^sjds 

J 0 

= smee j) I h(x)e~^’‘dx =f(p) 

J 0 


(Ii) 

(It) 


* This 18 Maitland’s generalised Beasel function See Ref 18 


VOL. XIV—No 3. 



0 OUPTA OH OPItBATIOHAL CALCULUS. 


The foregoing proof involvee two inversions which have to be justified, viz, 
m steps (Ii) and (I 2 ) 

The first inversion is justified, undw the conditions 8tate?T5y virtue of Do la 
Vallee Poussin's Theorem,^ smoe both the x- and «- integrals converge absolutely 
and the double integral exists, for by the formula * B( 1) 

asrc^oo, [*-*'*+*> exp{(^*)*(co8v*)/pjfc}] , A- l/(l+p), (0 2) 

and as *-*-0, “ O (I) 

The inversion in the step (I 2 ) is valid since each term of the series, 

Vr(x) m i-axt^yirWO +X+fir) 

IS continuous and 

U,(x)\ 


conveiges uniformly m the arbitrarily largo interval 0<i)<a, also xXe~l”‘ is 
bound^ and integrable m 0<a:<« and 



{7,(ic)Id* conveiges to p ^ ’exp (sp '*) 


C0ROLLABIE8 1 ///(p) =? A(*) and p M <1 poitUve inttger, 

I -.Q I* 

0 

In particular, if p = 1, we obtain TricomTs theorem^*, viz 
If /(p) ss h(x), then provided that the mtegrals converge 

P’"7(l/P) “ J {xl3)*’’Jv{2j(«x)}h(s)ds 

2 Similarly, for p = 2 we have the result If/(p) — h{x), then under suitable 
conditions of i onvergence 

/■''/(1/P*) = f **-*VM.lA-t{3(i»:r*)‘j h{3) da, 

J 0 

where J„,„{x) represents Humbert’s function defined by F(10) This is a generali¬ 
sation of the result given by Humbert for A = 2 


To evaluate the integral m (01) we shall frequently tequiie to ihangethe 
Older of summation and integration , wo therefore set opt the conditions under 
which it 18 valid Hinco the infinite senes for m the integrand is a senes ol 

continuous functions and is uniformly convergent in the arbitrary interval (0, oc), 
where « may be taken as large as wo please, the termwise integration is legitimate 
if 

( 1 ) h(3) 18 bounded and integrable in (0, «), and 


* The number of tho formula is written within the brae keta ( ) preceded by the letter 
F or B appertaining to the table of formulae given at the end of the peper 
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(ii) J h(s)J'^{—sx^)de conr&Tgea Prom B (2) we note that as «->co, 

75;(-«'') = 0 exp 1/(1+/*) (0 3) 

This set ot conditions will be referred to as conditions A 


Result 1 Applying the theoiem to the operational relation 


/(p)«pi-*exp{l/2p)iy,*, 
we get 


. ( 1 /p) = 2x>‘-tKtJ2Jx)irl (i+k±m) . h(x), 

R(\+k±m)>0, 




a'‘~^Ki„(2Js)J^^ (s£i‘)ds 


■Tsl^+ii®*)'"’ Al+A+fir) 


= F(x), say, 




(J) 


on expandmg /^.changmg the order of uitegratioii and summation and using the 
integral i« [B F , 383 (3)] 

J 'KU2Ja)de = JA(A±w), Ji(X±ni )>0 (11) 

Since 1® A2j2^«)=0(#*le"‘'v'‘)a8«->oo,lBr,202 (1)J (12) 

the conditions A are satisfied it p>l and the inversion is thoieloie legitimate 
For jj. = I the function reduces to the Bessel function and the same value of 

the integral is obtamed by (1), § 13 46 [B F ] as from (I) Fuithei lot F[z) to be a 
valid oiiginal the integral 

J c-*’‘F(x)dx (121) 

should also converge 

As for the behaviour ol F(x) anx-*- oo wo find by the formulae B(0), B{6) and 
B(4) lespectively that 

F{x) = 0(xf), p = A-p(^+4- I w I) when 1 <p <3, 

F{x} = OixP-f-x”), <7 = A+p(2F-A-4)/(/*-l) when p = 3, 
and F(x) = Oix” exp (^a:/'^*/*"*!)}, A>0, when p>3 

Also tor all values ol p, F{x) = O as * -a 0 

Hence the mtegral (1 21) converges if p < 3 and ii(A) > — 1 (122) 


*For the sake of brevity of expression, the symbol lias been usetl to express the 
product of two r’s Thus wT(s+j})f'(o—/)) 

SimUarly, r*( ± a±^) ■Ao 1 )5)r(.-ftr(-o+/J)A-o-/5) 
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Thus both the sides ot (1) are analytic under the conditions (1 22) Hence * 
by the principle of anal 3 rtio continuation the relation (1) holds if if(A)> —1 and 
l</x<3 


Paetiodlar Cases (I) Takuig /i = 1 we findf from (1) that 

= a:^8Pi(A:+J±»n, 1+A,-a:)/r(l+A), (I 3) 

tlie hypergeomotric function being defined for a;> I by its analytic contuiuation 2 

By taking m succession (i) A = A+to—J, (ii) and (in) J A=2tTi. 

(iv) and (v) w = J, A = Tj, (vi) and (vii) k = iTit X = and usmg respec¬ 
tively the formulae F{lfi) to F(22) wno have on wntmg P tor 

le 2*(2^»)*e*^i)_,*_j{^(2p)},by F (7), 

(1)17 r^i+ifc+w)p‘""c‘^)F.*„(^,) = a:*+'"-‘(l-|-*)-*+”-*, J{(m+k)>-i, 

[M A , 340J, 


(II) and (in)t 2-'(2/»)-**‘P = {v/(H-.r)-l }'"^V-r{2A=Fi+i)(i+■*)***. 

m>-k±i’ 


(iv) p*+*P = 

(VI) 


cos {(2fe-H) tan Vx) 

V(w)(l ■ 

co8h(2m smh Va;) 
J\x{l+z)] ’ 


(V) 


sui {(21;—j) tan~Va} 


(Ml) e*^lf-i,„(p) 


8iiih(2t» smh’i^x) 
»»^tir(l+x)| 


(2) When p, = 2, the relation (1) may bo put in the form ^ 


The relations, obtained by taking A =2t—l±2f» or A = 2A!±2m and using 
F(6), may be wiitten down by taking r = 0 oi 1 in the lollowmg [Case r *= 1 is 
duo to Shastri i®] 


r(2w+2ifc+r)p‘'""’^V*V-* „(p*) 

(.1) For p c= 3 the relation (1) assumes the form 




p/ *±»n+i, 

r(l+A)* *\i(l+A),i(2-fA),l + iA. 27, 


(16) 


• This IS tho Imo of argument that has boon used to oxtend by the principle of analytic 
contuiuation tho rango of validity of tho various formiilao ostablishod henceforth , and for the 
sake of brevity tho whole argument will be mdicated by the abbreviation A C 

t The ambiguous sign m the gi\ has been used to write tho two parameters and 

* +J—m m a compai t lorm Another use of tho sign is given in the following note 

t Where tho ambiguous sign may not bo token indifferently, it is to bo implied tliot the 
lower signs taken together give one formula and the upper ones another These uses (see foot 
note, p 138, also) of the ambiguous sign save oonsiderable space 
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The relatioDH, obtained from this by takmg (i) w = J, ifc = JA or (u) m = i, 
^ = i(^ + f) or (ui) “ i. ^ “ i^+i^ •W'd using F(l), may be written down from 
tho following by taking r = — 1, 1 oi 0 

Result 2 On tormwiso interpretation, vahd for 0</S<l, wo hare 
h(x) 9 x“ exp 

which by F(16), 

— F(—2ot) „ /m+J+1-, _ jj\ , a similar expression 

r(i—m—A:) 2»i+l, /'*^with—«» written for w 

i 'V F(—2>n—r)( —)’'f {1 +a+^(wt-f j+i*)} ^ similar expression 

r(J—m—fc—r) r! pa+^<”'H •-') "^with—m written foi w 

ai/(p), say 

Hence by Th I, 

- X* .xp I frm^) 

rir(l+A+K)i’{l-*+(r+l+«)//J)} ’ 

i?(A)>-l,if{a+^(i±m)}>-l. (2) 
on integrating term by term by means of the formula < 

x‘-'e-*^W^.„{x}dx = r,(l±m+i)/r(l-k+l) (2 1 ) 

Smieit as X-»■(», If* M(r) = 0(a:*e**'), [MA, 343], tho conditions A are 
satisfied if besides the restiii tions mentioned above, 0</*+ l — and tho inver¬ 
sion effected above is justified Furfhor in order that the original m (2) may give 
a convergent integral of the type (I 21), wo should have — Formula (2) 

IN therefore pioved to bo valid if 

Ji(A)>-l<J{{x+^(i-!ml)}, 0</3^i, 0<,i+l 

and by A C the range can bo extended to m< hide the ease 0 = ii -\-1 — 1 /jS 

Paetioular Ca 8B8 (i) Of the two senes ui the image function only one 
survives when k<=s m + i , and we obtain the relation 

V (-mi + r+fr) _ {~Yx^‘i^'r{(v+r+m\ 

2^ r 1 ^ r'rd+A+pr) ’ 

/?(A)>-l<i?(v), 0<)J^I, O^P+1-1//S^2, 
where for simplicity a\o have iiseil the paramotoi v for a+/?(»t+|) 




130 


H C QDPTA OX OPIBBATIONAL CALCULUS 


If we further take /9 = J and use F(7), we have 




(_)ra^+>*fJ^(g*+2+2r) 

rir(l+A+^f) 


^^^^^3,R{\)>-l<S{v), (24) 


which was given ui the special case = 2, A = 2i'+l by Varma 

(u) When )S s= 1, the image function m (2) is easily seen to be the A C of a 
single jFj expansible in descending powers of p, winch on leimwise uiterpretation 
reproduces the origmal function 

(ill) When and 1//3 ( = n, say) are both positive mtegers, the onguial in (2) 
may be expressed as a smgle hypgc function and by choosing the parameters 
suitably this original may be made susceptible to the formulae F (1, 6, 11) and 
thus provide us with the images of a tew more Bessel’s and Kummer's fimctioiis, 
but the images do not lend themselves to expression in a closed and simplified 
form 


Result 3 Take the fundamental opeiational relation 

f(P) ■ P”' = X^ini+v) -m h(x), R(v)> - I 

Then hy Th I 

P^~V(P“'‘) *-*^1 ./^(sj^)s''c/t//’(l+*’) 

But pP-^S(p->^) m pt*-* = l-'>/r(l+A-p-pic), R(\~p-pv)>-\ 

Hence hy Lorch’s theorem®, according to which every legitimate image 
function has a unique ongmal function, we have 

f as r(l+t>)/r(l+A—p—/it')w'''''\ (3) 

J 0 

valid by A C when |i<l amd ii(i»)> —I, with an additional condition if(A—2i')>^ 
in case p = 1 

When /»= 1, (3) reduces to the known integral ** [B F , 391 (1)] 

J = r(l +^mX-y), B(y)>- 1, R{X ~2v) > J 

By differentiating with respect to v, we may introduce powers of logs m the 
integrand of (3) 


Result 4 Applying the theorem to the relation (1) and writing p foi 
l+Ai+|ii(/4A+ip—A—1), we have the integral 

***/ of pi-P+tw*! (Jp“''''*)lF_*,„(p'"'‘'*i) 

« y r r(-2m)(i+m+I;,r)j^+t«Mi(r+m)-i ^ 

,4o L r(i-w+jfc)(2»n+l,r)f ir{p+/i#ii(r+»»)r for w J ’ > 
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on using F (0, 6) to expand TF-* *, and interpreting term-by-term The mtegral 
(4) js convergent when 1 </* <3, and ^(A)> —1, with an additional con¬ 

dition iAi—A-l-/i(fc-l-i ±w»)} > J when /*i = 1, and afurthei one jB(A+Ai— 6i')> — 1 
if also ^*=13 


Partioulae Cases (i) Taking f*i »■ 1 and wntmg v for Aj we have 


r(A+i)r(-2m)xf‘„ r 

- r(i-m+k}r(p+Mm} 




+ a similar expression with—m written for m, (41) 

where p * v—A-)-p(A:+ J) and p = 1, 2 or 3 

It 18 interesting to note that the expression on the right of (4 1) lends itselt to 
expression in a compae t form as a single infinite senes ui case m = { o\ — namely, 


2*~^r(2k+i) r{p+^iir-i,ty 


(n) Taking /x«« I, the jFi in (4 1) may be made susceptible to the formulae 
P(16) to F(22) The first of these gives a foimula which may lie verified i* [by (1), 
§ 13 6, B F , p 434] To apply F(17, 18) put m = i and 2A = A±i and we get 


r‘V,(2\/«*) 


{V(l+A)-1}\ ^ r(ir+4A-fi±i)(-2^,rr 

(l+a)*** (lA)-*** ,-4) '■* 


i^(A-v)<±f /1(A)>-1 


When r *H A m the first of these, we find that 

To apply F(19, 20) take w = J and A «= Ti, and we have 

_ yri ir+k+iTi )i - 2J^ 

“2*-«r(2HT),4 Hnjr-J-r+i+iii) ’ * 
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When M i m the first and p » ^ in the sot ond of these integrals, wo get 






XH-#)*+i 
) take 2i 

I cosh „ 


"r(2^:+i)® 


m>-\ 


To apply F(21, 22) wt have to take 2fr—Tliese yield the 
values of 


rcosh,,, ,,,,, 


(ill) The integrals obtained by taking ja «= 2, k—m = JA + J or ^A and using 
F(6), may be written out by taking r « l oi 0 in the integral 

r(iA-^f+l)2*<^^^’-^r(A-2fc+r) /2fc-J(A-l+r), 2jfc+l-A-> 

^/irr(4ifc+P-2A-r+l)A-«-»’'**‘^ ‘ ®W-'' + i»'+idbi-^. 4/ 


r(A+l)r(2ife-A-r).r*‘’-^^ /{(I+A+i), A-2A+H-r \ 

2‘*'^‘-*'r(2ife-iA+J-ir)r(p+r+l) ‘ A i^+l+t), i(v+r) +1, * /’ 


(4 2) 


vahd when /^(4ifc—2A + Jp— j—r)> —l<i?(A) 


(ivtt) Take « 3, and use F{1) when (1) m = J, A = 3i or (2) m = i, 
A ta 3i—l or (3) wi ** J, A ■= 3A—J The uitegials thus obtained may be written 
out at length by givmg in succession to tlie set of paiameters (A, B) the values 
(1, 2], (2, 3) and (1, 3) m the formula 






Tni±ii^x 

"L r(v+B) 


r^k + i + lB-iAUFtk + lA-UB-i), I+i(5-^). i(fi+p), i(^+>'+n. 


J(i?+p+2).-lr*] + a similar expiession witli A and B mterc hangetl, (4 3) 

valid when R(6k+B)>B+A<5—B(Qk—2v) 


(ivb) Take = 3 and use F(11) when (1) A = 3, ^ oi J , 
it *« j m wi The two inttigrals thus ohtauietl aie 

j"j,{2V'^)Ji{ (i j{ (!«)*} 

33.r<W3)** r Jn ( v+r±\ 

^ 2n L/’(e+l±i)®'*V 3 


-i, or ( 11 ) A = 1. 


r8\ (2x3) "^*^2 ,, 

“1,2.1. 27/ r(p+JTI) 

ITi-Ki-Tl+r), -gjj,/<(^)>±j 
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Result 5 CJouHifloi the relation n 

(1/2^) oxp (-1/2r)/,( 1/20 = pIyUp)K„Up) ^ f{p), whu h hv P(l 1«), 

= jp{r(i+v)}"'[r(-o(ipriP2(i+>', i+r,i+2./,p)+r(v)iP*(i, i±v,p)] (so) 

Tho original of is easily dodiicixl hy mtorpretmg term by term 

Applying Th T it is found that 


_ r(-v) ^_ 1^+1', 


I H-*-+’•)(' +2*-, 0 rI r11+A +p(v + r)} 




(i r)w' 


(l+e,r)(l-v r)rir(l+A+pO 
providwl that 0<p<l and /i(2i'+A)> —f in case p = 1, when the inti'gial Iwiomes 

X 1^3(4+*' I+^«+2>’ 1+r+A, l±p. l+A.w) 

Result 6 Take now the ielation 

x-^Jy(x-^) = 2pJ„(\/^)Ky(s/^) « f(p), which by P(2, 12, 13), 

^ /i_±. i+tr. i+.., -M (60) 

r(l+iv+Jr)rl ^ r(l+0 16^; 

Proceeding as before we finally arrive at the foi mnla 

V_ n hr-m-kYw' ^ 2’'r(-0(fie)’>"^V) 

^ Z 2r(r+Jv+iO»'' r(l+A+pr)^Z rl (i+i*-. r)(l+Jy r)^ 

^ r{l+A+p(p+2r)} rd+r+r) ' 

where 0</i<l and ft(2i'+A)> —i} ui iase j* = 1, when we have 

■'■(l-r*)r(A+2 )«^''V’’ 2 ' ' m) 

, r(—p)w»-+w 11 11 A+ '+ 2 A+p+l 
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Result 7 Let us now start with Goldstem’s relation 

3--* Pxp (~l/2a:)JFA =» (7 0) 

Using F(4) to expand and interpreting term hy term we finally arrive 

at the formula 






~l+m+r)} 

+ a similar expression with—w written foi m, (7) 

valid when 0<p<I and also R{k+^X±m)> in case p = 1, when we have 

oFj(l +2»», A + Jfcd-»i +J , w) -1- a similar expression with —m written for m 


Theorem II. ff f{p) then provided that the integrala wi>olved comtrge 

and p>0, 


=i= pp J t /(p<^)/(<) dt 


Peoop B> termwise interpretation we have 

’'■H- 

Applying ParsevaUOoldstom theorem to this relation and the given c 
/(p) * ^{x), it follows that 

J y'*-' exp 


which on putting Ifx for y'* and p for o may bo wntten as 

pj a;-‘+''/»*e'^*^(a:'‘''‘Ha;-ppJ /(«) *. 

whence the theorem For the convergence problem we note that as <->0, 
■■ 0(1) and as t-^co, 

t*'*J^(pt^) - 0 exp 008 vfcjj k . l/(p+l) (8 01) 

Whenever it is permissible to evaluate the infinite integral in (84)) by expand- 
mg the Bessel function and inte^ratmg term-by-term we get the original of an 



QUPTA ON OPKllATIONAI, OALCULCS 


141 


image function expansible in ascending integral powers of p The termwise inte¬ 
gration 18 justified under the following set of conditions B — 

(i) /(() IS hounded and intigralde in (0, a) where a may be taken as large as 
we please, 

(u) the integral J — tonverges, the asymptotii' behaviour 

of the function ,1^ being given iii (0 3) 

Result 8 Applying the theorem to tin rtlatioii (7 0), we have 

= pp (—pVri(^+p>'+k + l±m)lrf r(l -l-A-fpr), (8) 

on carrying out termwisi' uitegiation by moans of (1 1) 

By virtue of the asyinptotii behaviouis (0 2) and (0 3) the conditions B are 
satisfied if 0 <p<l and M {k+k— | >w |) > —J By AC the usult (8) is also valid 
when p= I , as may lx* easily iciificd [by (I) § 13 46, B F ] 


Pabtioulak Casks (i) When p = \ (8) ledueos to a known lelation 
(ii) When ^ *a we have liom (8) tlie relation 

2x r(l+A) 4 j r(A+f) 

?)' 

ere i'»jfc-l-A+J Takingft= m -l-^aiiduBingF(7) this gives the knowmelation 
expi-jA*) = r(A) p exp(ip*) D_x(p), fi(A)>0 


Result 9 Applying the theorem to the relation 

Wp) K,(2Jp) = (1/ar) J,{2/x) 

we have 

= A'^(2V«)j f [-pyMrl r(l+A+P»-) jd< 

= ippl (-prr{i{\+v+l+pr)\lr\ r{i(y+l-A-pr}}, (9) 

0<p<l, JJ(-e)</{(A-l-l)>0, 

on carrying out termwise integration by means of the formula 
I {2Jx)K^(2J:,)dx a ra)r(il-f iv)/4r(h-il+l), 0<«(l)>fl(-r). (9 1) 

which may be deduced from (i) § 13 46, B F on using F(23) 
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Particular Cases (i) Taking m J ■> —A, we get Howell’s relation* 

Jv = r(v+4)pZ)_,.,( !»«*’'•) 

To show this we multiply out the expansions of the Z) ’s as given in F(7) and 

express tlie product by F(16, 14) as a sum of four jFj(4p*)’s This sum put in 
compact form as a single senes assumes the form given in (9) 

(u) Bv takmg p. = 4 and v—A= ±4 or—1, the image function can be ex¬ 
pressed by a Whittaker function For example, taking fi = \ and v=A+4, the 
relation (0) beiomcM 

■r, ^ 1 A^'+i+r) ,r(v+r-H)p1 , a senes of vanishing 

r ‘^,(2r‘) = 2 (J, r)rl L (J. r)r(?-,)'^r(4-r)(|, r)J terms 

+r(p+|)r(-j)jpiF,(,+,,4,^p.)] 

=. U^I2n)r(v+\)r(v+\)W_,^^{i^p*) exp (*p») 


Corollary Take p » 1 in Th II , then we have 

2f f(p) sitft{r), then pronided thit Ike integrals imvli>ed converge, 

.^-'.^(l/r)=:p‘-*^ (100) 

Result 10, Consider the operational * relation* 

Ap)»r(p+i')pf--+/‘/(l-fp)/>+''=.''+»‘-’iF,(p+p. p-l-v. -X) 

= »•'* e *• ^(•*) 
Applying the corollary we an led to the relation 

("“V(l/0 =p’'*’'/’(p+v) r I ‘+''J,_,(2Vtpy(V('+!)'’+'" 

0 

Evaluating the integral by the formula (1) [B F , 434] we finally get 
T-*'*^**’-' exp(-l/2*)Af^^,^_j^ »(^+.-i)('/'') - ,F,(p-fp, p+r. -1/r) 

- ,/)+r'*'r(-.. .r,(, ,.) m 

The integration is valid under the conditions R(p)>0 and J?(2p-fr)> —J, of 
iihioh the latter may be waived by AC 


• This relation ns well as the similar ones in the next two rosnltR can enaily be obtained for 
p>l by expanding /(p) in ascending powers of I/p and interpreting term by term The range 
of validity is extendei) to p>tl by A O 
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pARTicuiiAB Ca'jbs (i) Wc first ouustTuot from (10) Goldstein’s relation (7 0) 
For this we takep =; 1 and put for oonvenienoe k+m—^ for /x and m—k+\ tor v , 
then the relation (10) after some simplification becomes 


m-rn-kf 


“-■ 0 = 


r{2w)r(i-2w) 

r*(J-fc±m) 


'’(i-ii../)-' 


+j/+"'+‘ r{-2m)ojFi{2/« + l ,]j) 


Now add to this a similar result obtained by writing —m tor /a, then the 
first terras of thi images binig odd functions ol m oanoLl out and the dt sired rela 
tion follows at onoo by F(2, 8) 

(n) 11 we suppose p= iv and ix= (r orp = J and /x = v —1 and use F(8, llii) 
we get 

.^^(1/a) = 2r(l -/i)2i‘+''1_^(Vp)A^(>/p), , 

and u {i/i^r(pi+l)} ^(1/x) » (l/a!)«-‘'%(l/2.) = 2pJ^(Jp)K^Ui>) 

(ill) The relations obtained by taking * (1) p = 1, j/ = ,',A = or (2) p = 1, 
P = —i.A = ir-l or (3) p => p = i, A = ie—1 or (4) p = l-p, r = i—p, A = J-p 
and using F(l, 3), may bo put in the ooinpaot form 

= r(»)r{2A+2-s)r(i-A-Ar)p2‘+'A+lx 

where to the set ot parameters (r, a, I) we assign in oonsoculivt succession the 
values (1, 1,0), ( — 1, 1,0), ( — 1, 4, 4) and (1, ], A) The last tormula is valid 
only if i?(A)>-4 


(iv) In the SIX oases, via (1) and (2) v =p + 4, 2p+p =1 or 2, (3) and (4) 
p = J, V—p = 0 or 1 , (5) and (6) p+p = J and 2p—v =1 or 0, we may use the 
following special cases ol F(ll) — 

(1) iF 8(A+4 , A+I, 2A+1, **) =. {2V(l+A)*-’*yA(*)}'. 

(n) i^' 2(A+4. A+1,2A, 153) = ^(A)^(H-A){4*)'-3>/;,_l(^)/;^(^) , 

(ui) iFi,(4 , A, 1 -A, *3) = -1 +r,A)r(l -A)zfA-i(*)^ a(3) . 

(IV) iFili , A, 2-A , *3) - -H-2r(A)r(2-A)/,-A(3)/A-lW 

The last two are obtained by writing out the jFj in the expanded lorin and 
oonsidenng the limiting form it assumes when the parameters tend to zero 


Result 11 Expandmg f(p) m 
term by term we have 


f{p) 


pSP-ii'+S J^-2P^4y~3 

(1 +/>*)>• ~ r( 2 p- 2 p+ 4 i'- 2 ) 


asoondtug ixiwers of l/p and interpriting 

iF, (p, p-p+2i'-2±i,-4a3) » ^(x), 

y<(p+2v- p)>i 


Putting A for 4v—2 and applying the coioUaiy we have 

4 (l/x) = dl/(l +(*)»* 


'ilie new porumeter A bus been rntroduLOd for elegance of results 
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Evaluating the integral by a known formula [B F, p 436] we are led to 
the relation 

iFb if. , ^-p+2^±l-i, W 

r(2^+4v-2p-2) r r{p+i)r{^.-p-i) ^ 

mil) ^ L r(4v-i) 

iF4(;>+i. 2v,p+l~^, 

-{r{^-i-p)r{p+\)ir{4v)) PiF^(p+i, i,2„,2v+\, p+2-p, 

+r(2p + l—2/t) iFt(p, p~p, p~p+\ , fi,—p+2v—l±{ (11) 

The total conditions under which the foregoing analysis is vabd are 
p>l, R{v+p—p)>i, R{p)> — ^, /f(4^_^)>] 

Of these the first two may be waived by A C 

Taking Jpi—i =2v —1 = p = JA and using F(2, 12, 13) the relation (6 0) is 
obtamod It is mterostmg to note that the two hypgc functions within the 
biaokets f ] combine together to beoomc expressible by the single infinite 


i:r(p + i+kr) r(ix-p-i~ir) (~py(r< r(4v--H-r) 

f-O 

Result 12 Expaiidmg and intorpioting as befoii', we have 

f(„,. = y (i+».')(-)■ _ 

’ o+jp)"'- a r(>+S-o+l’-)n 

The coiollary to Th II then yields the relation 

.f, (Ijx) = </*+(>-»•'-* •Jp(2y/t^) i/V(l 

Evaluating the mt^ral by a known formula [B F, p 436] and oxpressmg 
^(1/^;) as a linear combmation of two ^Fz» we havi 

B //*+!• M+i . 1\ (2p+l)A-P'‘‘ ^ /p + 1, p+j . 1\ 




r(r+5 


* B 1\ (2 




r(r-p+2) V + 2-P 

[r(p-i)p*-» p ( 

r(p-i)(2p+i) / 1+P..+P. yi 

r(v-p+2)p/»-"»^»V5,v+2-p,2-p, PJj 
, 2r(2p+2p)r(l-2p) ^ j„/p+p,p+p+l, ,I>M 

+-r(i+v)r(iw ^ v+i.p.p+i, 

The various processes involved m the above investigation require that /i>l, 
IHiv+\}>R(p)>Jl{-p) But since ^(a)= &s x->-co and Oix^ ') as 

ji-A'O by B(6) and g(p) is analytic for /j> 0 the final result is valid by A C if only 
R(p+/t)>0 

The two terms m [ ] are expressible by the single senes 
{l/r(2p+l)} I: {r(2p+l+r)r(p-i-ir)p*-'>+»7r(v-p+|+ir)rl} 
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Pabtiottlab Ca8 B8 (i> When (» = 0 or v—p~n = — i or— I, w Huaoeptible 
toF(6) 

(ii) Taking/*+/> •■ v+J or »+l and uamg P(7) we get essentially the same 
relation, viz , 


V*r(i+2;.) P '^Vp+i. ^ 
+ JV+T)^ ‘ *V4>;!-p. 7 ra+P)^ * ‘V4.2-P. 


■) 

-.). 


ii(p+ft)><> (121) 


(in) Takuig «= 0 and using F{2, 3) we are led to the relation 
iP-leW»Erfc(l/^r)=:iirV-'*'' ooseo pit 2J(p)>0 


Result 13. Using F(3, I) to expand J[p) and interpreting term by term we 

have 

J{p) a rp^‘'*'[h(\l^p)-Lp{U-JP)) 



Uenoe by the corollary to Th II, we find that 

x’'-i^(l/£)«(l/s/ir) 1 : (-)'-x'-'-‘'/rtr(v+l + ii-) 

= r+‘pM' j*li-*J,.,(2t^p)l/,(l/0-i.(l/t)}rf< 

= 4p''’Jfi,{2p‘)«I,(2p‘). 
oil using a known integral due to Meijer t® 

Proceetlmg alternatively with 

j{p)f‘p-* oxp (-2/7P) or J{p) 
and using respectively the integrals “ 

and 

we aiuve at the same result 

Result 14 Applying Tli I to the telaU.m (0). we obtain by the usual metho.! 
ot procedure the integral 

f* J^(sui)J,(2s‘''‘) ^ (-)T{4(v+l-h2+P»-))tt>- 

I ii rl r{ 4 (»+l —A—p 0 }ni+^+*'') 

valKl when 0<p<l. 0<«<1, B(X+y)>-\. with an additional restriction 
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R[p + {l-2k)lf,]>-^ in (ose a = 1 , and then it becomes 

+ '' Z r! r{Mv+l-A-/i,r))r(H-/3+r) 

0 

In the itwo A = v = Jj3 and /x = 1, Una gives aitei some Himplifiialion, 

J = J{(v)>-\ 

Tlie M latioii (14) .ilso lioldM, by A C , when a = I, fi = 2, piovuled that (i) when 
0<w<l 01 when w— I and R—v = im iwld nitej^ei, then }i{2-\-v)'>~l<R(^—2) 
and (n) whtu w = I and )3—» an odd inttgii, thin W(A+v)>—1, 7<(j8—A)>0 

These eases gno the values ol (In W'thei Hihalteilieileu uitegiiiis [BP, §§ J3 4, 
13 41J when ft<6 or «>& 


Result 15 Ttimwise mteijnetatioii gives the origuwl ol 

/(p)= 1 ri(x+^f+k+i±>nn-r/r{i+2+^ir),^ ^(r+i+^)/«-i 


SuiLO /(P'“) IS the iniugL iuiutioii ol tlio relation (8), Th I leads us to 
the forhiula 



^2{^-^^o+k+i±m)(-y 

r(l+A+Mr)r{(l+i3+r)/«}f' 


I ‘"IV, 

i+(i+l9+n/« ^-*_ 


„(m) 

-A-* 


,(I6) 


valid when 0< —l + l/a<p<l, Jl(2a.+P)> — \, and in ailditioii 


Result 16 iStartmg with the relation (5 0) and usmg the expansion ol F(8), 
the corollary to Th II fuimshos tlie integral 


/: 


A+i 

y 


K{-Jy)J^,Uy) J'^i'^yJi>)<^y = 


r(i+v+A) 4 ~'*’^‘* „ A+.'+a, 

r(i^ 2v+i, p) 


i>R(X)>-i,m+v)>-i. 


Result 17 Stsrtmg with the i elation 

•2pKyiV^ e“‘”‘) = ^-'K,{2lx), 

which can be easily deduced from Macdonald’s intogial [BP, §13 71] and apply¬ 
ing the corollary, we obtam the mtegral 

J !l'^V^(y\/^)if^(j/a*”)Jj:^(ye-t’")dy = 2 *^'®r(-v)r(l-|-r-l-A)p’'‘-'‘'''**' X 

XsPi(iA+iv+f±i, I+v, 4/p*)-f-u similar exp with—r written for v, 7?(A±»')> —1 
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Theorem III If f(p) = Hx), pP * k{p^) = ^(x) and => then 

=* provided that the integral h(s)J^(sw) da convergea 

PROOP Theorem I applied to the first iclation shows that 


On comparing this with the third given ulation and usmg Leich’s thooiei 
,onclud( that 1 = 

Now Huhstitutc p for and foi t m (ISO), thus 


p‘ 0(p) ) 87 iJ 1^-' h(l^) d 


All ajipliealion ot Tli ll to the sotond ol the gnin iclations shows tliat the 
oiigmal of the right sid< of tins eqimlioii is i 

Hence the theorem It may also be stated m the altcniativo foiiii 
ri h(p) = ^( i), = 0(p) and e®i^( f^) =/{p}, 

then providcxJ that the integrals involved (onvergo 

p ^ipnp-'ii^)= i^iPh{,^iP) 

Result 18 Wc firstly ap|)l^ the thcoroin to the leUtioii (Id) in wliiili tin 
imago and oiiguial aio rospttti\ely 


and fi(u) = iFii p+p , p+s, —l/t) 

Heneo by tc unwise intei pretatioii 

= i’ (p+^,r)(-r^“'<'''‘''>/(/c+P,r)r' r[l+a+^(p¥r)) « 


and p^-^f{p-h 


r{p+v) rip) X r(p +r) 

r(p+p) ^ n (i-,x,r)r(v+r) r(i+a+/so 

I V _ ^ 

(1+1^. O*-! i’l \+oi+P{p+r)]{p+», r) 


Ooiisi quently Th III h'ads us tp tho ndation 


>r (p+p, r)i—y x-** _ s^_ r(-p) (<t+p r) p<^+‘ _ 

r)/''r{l+a+j8{p+r) r' (p+r, r) (l+p, r) r( H-tx+^(p+r)} 


+r(p)r(p+n) 2:r(p+r)p'+'//’(r+r)r!(l-p. r)r(H-«+iSr)r(p+p), 11801) 


wlueh 18 valid by AC when 0<p^l and K(p)>0 In ease ^ = 1, theio is the 
additional restrietion R{p—v-^p—x)< ^ 

It 18 obvious that wo may now start with the relation (18 01) and again 
apply Th III, and the process may be repeated uidefinitoly We would thus 
obtam tho relation 
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V r(p+/i+r)(-Kt-8-t- > 

,4u nv+M+»-)’'! 




{^L+^, r)r{^+v+r)r^ 




r(v+r)(l-^,»-)r! ’ 


whor« G(t)m n {r(a,+x,r)]<n {r(6^+j9,r)} 


Evidently the factoi Fip+ti+r) in the numerator and r(r+/i+i') m the 
denominator of the onginal function of (18 02) may bo absorbed* in G(r} 
without any loss of generality, giving the final simplified form 


p'^'‘+'0(r)/(l+p, r)r' + 


+r(,t) £ p'+'0{r-p)jrm-p,r) (18) 


Using tin formulae of Table B, we find that this is valid when 
-1< £p^-2!(Kg =<r<:i, «(u,-pa,)>0, i8,>0<a, 

Then is tin adiLtional restriction /i{2p + i(n—m)+£ag —£bg } <0 when a = I 


Pakticulau Cases U all the a’s and /9’s are unity, the relation (18) becomes 

•'■'‘'’-•^"(6,%*,’ ‘.(i., l+p,-") 

+ r(p){«(-p)/6'(0)}tp»E.M("i-g. ,n.-p,(i,-p, (18 1) 

nhire m — n = 0 or —I and /((«,—p)>o In case ni — ti ^ — I, thai is (hi luldi 
tional restriction R[lp.-^{-^Siig—SI>g)<{) 

(i) Taking m — 1, » = J, 1/^ = "! + ^, /it ==-J'li = 1 +ia+»'> /ij = 1+/a and 
/(g = l+p and using F(ll) ue get the imago ol 'V (l/7')>/y(l/v/i) 

(ii) Taking m = 1 = <tj and a = 2, and using F(2, 3) tht onguial may be 
expressed as a Lomell’a or as a Struve’s funotion 

(ni) Taking m «■ 0, a ■= 1 and *1 = A+1 and using F(l) we have 
x»A-8-V;t(2/V^)=t= {r(-p)/r(l+A)}p‘+'‘oF2(l+p. I+A,p) 

d-iA/AVnA—p+l)}po/’’2{l—p. 1 —/a+A, p) 

It Mill b( noticed that by applying Tnoomi’s theorem to this relation and 
interpreting term by term we are to Hanumant Rao’s integral (B F , p 437 ) 

(iv) The special cases of (18 1) when m = 1 = » have already been worked out 
in Result 10 


* Thu purpose 18 served by supposing p m s so that the two gammas cancel out The 
final relation (18) could also be obtained by praceedmg witti the original icA a"F* and 
its image instead of (lOl 
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(v) Ta^g /« ai 2, n—I, th« fuiiotion of the original may be made 
sUHoeptible to the formulae F(17) to P(22) For instaiiCL, on taking «„ = «,-! 
= P+H=^i and using P(17) wo have “ 

+4r(—P+/1 +J, 2p+2p, l+fi, p) 
(vi) Lastly on taking ii = 0, >u = I wo obtain the relation (1 4) (i) 


Result 19. Adopting exactly tho s 
with (10) we have 


ne procedure with the relation (11) a 


+ JF(p-ir)t;(lr-p)p'+M, (19) 

wheio 0{r) is as tlehiieil in (18 02), tin tundilions ot validity being the same as 
those of (18) 


Pabtioulae Cases (i) When all the a’s and ^’s aio umty, this gives tlie 
image of the function 

lium wluuh tho image ot 

<V«(l/r)d^(l/,) 

may he deduced by a us< ol F(ll) and that ol 

by a use ot F(6) In the latter case it we turthei Mippo'.e that A = A+J [oi 
simply that y« = 0 = n in the mam lelation (19) ] and use F( 10), we get 

exp(-l/i'i) = 2m</‘‘(i/V-^»* cosec 2pn{</-p-»(P) ios pv 

+4-1' l(^) p‘’T-~Jn-i p(P)}> 

where P « 3(ip)^‘* 


(u) Taking 
(l+a,*)f‘+P+f “ 


= I, w = 0 and using F(lfl), tlic lelatioii (19) 


np+mp) 


.4 


2r(p+p+i)^''‘"Vi. I' 

r(p+i)r(p-i) / 

- 2r{p+p+\) ^ 4 / 


gives 


r(—2p)p‘+^iFB(p+p+i, p+J. p + l . 
When p = 0, this reduces by F(3, 4) to the relation 

(l+^2)-g.t ^ ^„rii-p) (iP)‘+'*{^^-s(p)-l'-n(P)}. 
which was given in the siieoial case p = 0 by Maohlachlan ® 


(19 I' 
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Result 20. The lelation (12) gives like (10) or (11), the relation 


Paei'iouijie Casks (i) Taking m xa 0 = n, we get 

exi)(-l/V0 = 2.0160 ;iir(pw)«‘‘(2j>)-»+‘'‘{./_j^ -Jl*-*(^) 

— 008 (i/iv) Jili (i')+ Hin lltv ./j + iJi t (/')} . P » 3(4/')* 


(l+v*)' 


(ii) 'I'likiiig w = 1, « = 0 and using P(l«) we get 


' r(i4 


8pj(,t+i, ^+1 , k, i-p ,-pHr{p-l)(\+2^)pi-\Fi{^.+ l, + i, ],2~p,-p) 


UrHEK CisKS OF Relations (18)-(20) There arc some into'restmg tases when 
tlie original oan be expressed in terms oi functions whio)i are not expressible by a 
single hyiiergoomotriu function For instance, by takmg n = 0, w = 1 and aj = ), 
the originals may bo exjiressed by F(7) m terms of the parabolu cylinder function, 
or agam, by takmg wi = 1 = » and a,, = *<1 = Pi— i, the originals may be expiessed 
by means of r(l, .1) 111 te 11.11 of the function IJ^z)—L^{z) Furthermore by making 
suitable (ombiiiations of the oiiginal we may obtain the operational images of a 
variety of othei functions like the ^ aftd product fiuictioiis y„A„ and f,,A 


Theorem IV. T/ir junchon't ](>), k{u) find </>(<) U<nj/ coiiiiiiuom tu . >0, if 
Jip) = h(i) atu! A(pZ‘) = /hill 

p-^j{p) = j x-/^0^^(pl^)4,(x)ii,, (21 U) 


whfrt 11 repreneii/ed bif the oertes 


or 2 


(-)-r{(r+A)yjil 

r' 


rw 


ucconltiiy an p, <\ or >1 or =» 1, provided thril and the tiUegral (21 0) con- 

vergev In case ) changes sign ui j >0, the integral 


^(a) dx 


also must converge 
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Pboof Fiom the two gxven operational relatiuiiH, we have 

f(p) =P j (I) an.l p'-^+z*= p J ,/<, (,i) 

Hence 

/(p)=p J /■“'’V '+^/)‘,/rJ f-"''',j,{s) da 

= p J J 

on rhiuiging the nrd< r of iiiti griilion vhu h is justified by lU LaViilhc Poiisfun’s 
theorem* For if ^{1) is of th< s.une sign iii I 0 then the s-intignl convergi s by 
virtue of the integril (ii) and the a inti'gral ooiivcrgts it 1/(A)>0 and the reprat(>d 
iiitfgral exists bv the last eoiulition Howiver, if<^(/) ihiuigis sign m i ^ (i then 
the change in the ordi r of nili grdion is jnstituyl siiui< th< n 

converges and consi quint Iv the s integr.d and the t iiitigral lomirgi* iinifoniih 
being Tniilliplied by ( v|) (—Ar''**) and [Copson p 116] 

Thetheonm now follows atone* on i xpaiiding in aseending powers of i the 
factor € >“ when /i< I and llu (actor exp ( —si'^M) n/*>! ind inti grating tirni 
b\ tiTiii by means of the formula 

J c-'-iJ*''i/i = iV)/"'' R(p)>0, o>(> (-M01) 

The temi-by term integration effecti'd ibove is i ivsily jiisfifiixl 
'L'o s(‘ttl(' the eonvergonee probh in ut obs« rv< that as 

r->0, = 0(1) and as r-> x), r) = 0(a-^.'z*) 

ft may b<' ot interest to nob tint tin eontoiir mb'grvl of Baim s’s type for this 
function H 

- 57 , J A-ztirigs+Al^'ds. 

where A/g is not a negative mti'ger and ] aig * ( <i(p+l) 7 T—•, t>0 This shows 
the interconnection bi twei 11 the tw'o series reprt'si nting the function In tac t the 
asymptotic expansion for large vnlui s of the argiiiiu nt of oiu senes is given bj the 
other 

The function reduces to a panbolie i j’lmder fiinetion when p = 1 or 2 , 

wo actually have 

a{{r) m 2-^r(2A)Z) » 2 r(A) ( 2 j-)-‘^ ^ (1/V^) 
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Result 21. Take the relation (9) aa f(p) ^ h(x) and obtain the original of 
pi-^+i'A{pP) by termwise int( iprotation, Th IV and Lerch’s theorem then lead ns 
to the integral 

^ ^ (-)’r{i(i>4-l+A+^r)}r{ (r+x)Jp] 

valid when pXK -iffi. R(k+v]>-l, /?{A-pa)<i 


Result 22 Starting with (1) and iiauig F(6, 6) to expand/(p) for termwise 
interpretation, the theori m gives the integral 




(-rrB(r+fc+iJ:m) 

Hr(l+A+pr) 


/--“dr 


_ V Lzl' 

"Z^ rl pKi 


r{-‘2m-r)x 


/’(^d-w+A+r) a similar cxpiiSBioii witli —m written foi m, 


where s a—A—1+/i(J+w»+A+r) The formula is vabd if p^P, 
i2(A)> —1 and ft{p(fc+J —| wi |)—A+a| >1 There is the additional eoiidition 

{A~a)<| 111 case p = 3 

We may similarly use the relation (2) instead of (1) 


Corollary Taking p = 1 in Th IV, wo have If 

f(p) = h(r) awl p^-^ h(p) = <f>{r), 
then provuled that the mte^/ral convergejt 

f(p) = r(\)p I* (p+ r)-* <I,U) <h 


Result 23 


then 

and 


Ramanujant® has shown tliat il 

Ay) = j y* <>r/r(l+'>), 

J e-'f J{y) <hj = l/i log «, i>i 
J(p) = el-j e ‘’» dr /a-{.ir*+(!og t)®} 


The former integral shows on using the relation e* = pl(p — l), p>l, tliat 
h(x) » e'-J(r) = ^ , f(p),pX , 

and the latter shows that 

ph(p) m plef-Jip)} = l/r{77*+(log a-)®} a ^(r) 

Hence by the corollary to Th IV and A C , we have 

^ _ l_ 1 

Jo r(p+r){ff*4.(loga:)*} p-1 p log p’ ^ 

wherein the right side is, by the theory of limits, to be replaced by J when p = 1 
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F(l) 

m 

F(3) 

F{4) 

F(4/0 

F(6) 

F(0) 

F(7) 

F(8) 

F(9) 

F(10) 

F(ll) 

F(ll«) 


Tablb a of Fokhuxae 


= rlJ+T) -i**) 

Ji*)- 




noFi(v+i, j«*) 


“ F{v + 1)° 

^x(*) = iw coseo / ^(z) — /^(z)} 

“ iA-^-HlsroFi (1+x, iz*) + ir(p)(Jz) - oFi(J-v . iz2) 

“ r \Hi)jn *’+3. -i*“). " w,(-z) 

Fp(z) -■ ‘/^(z) pol vir — ./ „(z) oom'o xw 

^.x(2) = |(I+M)*->*| V'‘iFj(l .!| + J(ft±K), -iz*) 

jjp, A+w-1 .A-z-xm h ,F,/i + "»+^ ._z\ 
\ I +2/« , / ^ J 4.2r/( , y 






'■ r(H.™-i) -t*' 


( -2z)'T(4r-iv)^s 

«*' /x(*) » iFi(v+i . 2. + 1 , ±2z) 


(-)«7’:(s) = 


=v 
+«+o Z 


>(1 


{-^y 

(»-r)l r\ ni+v+r) 


•'-w = >w" V(,„+i)Vi.H-i) '>*’‘('"+' • - i'”) 

= r(,x) r(A) 

2v /,(z) A\(z) = iFa (i . 1 +v, 1 -K, Z*) 

. r(l->)(iz)«-' „( \+v, \ 

ru+i-) '+2v. V 
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F(12) oFs l+v. \+2v, -iz*) *3 oFi (l+2v, -**)Xo-Pi (l+2v, **) 

= {r(\+2v)\^2-*'’li,(2z)Jt,{2z) 

r(i3) 2r(v)r(i-pU-,(*)J,(*) - i r(A..-4»-)(-^*r/r' j’(ir+\»-+i) 

F(13.«) I,(z)~L^{z)== i (-y(^^y'^olr(\r+\ +v)r(ir+\) 

i^i(« /> — 0XiFi(«, p ') = *f’s{a p —«. iP + 5, J'*) 

F(15) iFi(a,p 0XiF,(a-p + 1.2-p-») 

= 2Fi(a. — ip+i< Jp—a+|, 1, Jp+J ? —Jp.j ^ 
-{{2a-pMl-p)/p(2-p)}r ,F,(«-lp + l Jp-a + l, j Jp + l.2-ip Jr*) 

= 1’ r{<z-\p+\ + lr)r{y:p-\-[r){-,yir(a~\p+l~^r)r{lp+] + \r)r\ 

F(lfl) ,Fo(rj. -r) = (l+T)-‘' 

F(I7) 2F,(l+/Ll+M.l+2p. -i)-0+0'‘{ir-’(\/iT;~l)}*^ 

F(18) 2 Fi(p i+p, l+iV.-r)= {2r-'(VrH-l)}’'‘ 

F(1ft) jFi(4-a,-a, 4, -r*) = (1 +r*)“ cos (2a tan"’r) 

F(2n) 2^1(1 -a, J-a , J . -r*) == {(1 +r*)“/2ar} mn (2a tan"’T) 
r(21) 2F,(}+a, 1-a . 4, -r*) = (H-t*)-‘ <'o«h {2a smh-'r) 

F(22) £F,(l+a. !-«■'{. -'»•*) = (2ar'v/l+r*)"’ Rinh f2a8lnh~^T} 

F(23) 2F,(a,i3, a-/3+l . -1) =. 7,rF(a-i8+l)/2“r(J + 4a)r(4a-/J+l) 
P(24) (-» r) =(-)'^r(w+1)/r(ji+l-r) 

F(2«) F(fl+wr) = « 
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AsYMPTono Behaviours 18 ot 

® ^ r{P„+a.„r){-zy 

,s,{z)=y j;;, 

where «’s and /x’s arc real and positive and A s, /S’s .ue luirestm ted 
Not^Uion C == arg 2 , 1 } =s arg (- 2 ), so that -ir < { ^ ,r, tt, 

/I i 

^ 2. A,i + J(«/—p), S, « nil small positivi nnmhi is, 

Z = k[h\z |)h* e Zi =]Z \= jZIe'**’ ”>/* 


: 2’ 1 ’-+0(, 


M being a -pvt integei 


>^(v) = i: A/,being S. 


Formvlue 

B(l) 0<1-1 =^<1, iCI ./^' ,(2) ~/(Z,) + /(Z^) 

which IS ( \ponentially sm.iD if ){|<JiT(i—jfc; 

B(-l) 1 1 ) I <ii7—«, <>0, J ( 2 ) ~ /(Z), which IS c vpoiu nti.illv largi il 

(vl<itiiii (tt \7tk 

11 ( 3 ) i> 0 , niin (jfe, 2 )-<^ p.S',(2)-f(Z) 

R(4) !;>.>, I {|^„ ,.,S',(z)~/(Z,)+/(Z2) 

B(6) A=2, |f(g„ p.SV2)~7(Z,)+/(Za)4-J(2) 

B(6) 0<1:<2, p.V,(2)W(2) 

B(7) 0<1;<2 |,,|^ nun (,7, Jffl-«)andl£|:^,r ,,S^(z)~l(Z)-\-J(z) 

In paitioiilar, 

''’"-[tt vt:„Kw)"] 

B(n). iVy 

\«1. aj, ,a;., / 
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A TIME.HYSTERE8IK IN THE CONDUCTIVITY OF BROMINE VAPOUR 
UNDER SILENT ELECTRIC DISCHAROE 
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The non-idcntity oi the charactermtit curves tor the rising and falling apiihed. 
potential V indicative of hysteresis, is attributed priraanlj to changes in the gas 
{ihase produied bv a self-inaintained dischaige, b\ tlie pre existing electrical fields 
A like jilienomenon lu icspoif of thi time of disdiaigc was observed iniideutalh 
during work On the Jodn-oSoti, vw a photo-variation ol the conductivity i m 
halogens and other gases under electrical discharge (Joshi, 1943) In bromine vapour, 
tins has revc'alod a marked dependence on I of the 'aging of i undei the discharge 
and on its dist ontinuation its piogressive recoviTj Tlu results liavc suggestid an 
additional faitoi, viz a levcisiliU i oiiditioniiig of the siirfau ("ciitcd nndei the 
apphiHl Ik Ids 


Experiment Ai, 

The experimental aiiangement and the electriiiil circuit uscmI were essentialh 
th? same as desi ribed elsewhere (Deshinukh, 1947) The- cbsc liarge was produeed in 
tile annular space of a Siemens tyiai (glass) ozoiiiser tilled with bromine vapoiu 
purified bj' frac tioiiatioii over licpiid air The ozoniser was sun oiiniled b\ a largo si/e 
glass jacket with a water circulating arrangement (fig 1) to iccluce anv fcmperatuie 
tluctuations during a given series of observations 

Single phase alternating current of fit* cycles frequency was obtained fiom a 
rotary converter worked off 220 volt D t' mains The potential was stepped up bi 
a H T transformei A moderately concentrated salt solution tilled in the inner 
tube and the batli surrounding the outer tube representc'd the two terminals ot the 
o/onisor (fig 1) The high tension terminal, i e the inner electrode was connected 
to one of the secondaiies of the transformer through a 20,000 ohm Dubilier t\ pe 
stabilising resistance (fig 1) The potential applied to the ozonisor V, express^ 
in kdo-volta (r m s) k\', was calculated from a knowledge of the primary jxitontial 
and the transformei ratio The cLsclmrge current i was measured by a double 
wave, oxide rectifier type, Gambridgo AG micioammeter (p-4 m tig 1) ’iitroduced 
in the low tension part of the ozoiuser circuit 

Bromine vapour excited in the range 5-9 k\' (60 cycles) at SO'C showed the 
occurrence of‘aging’, i e a time variation of t at a constant applied V The secon¬ 
dary potential was switched off when i reached a constant minimum stage duo to 
‘aging’ and remained imaltered for an appreciably long time The system was 
then allowed to stand over for different intervals of rest period The discharge was 
again switched on at the end of a given rest-period and the time-variation of » at the 
(previous) constant V was observed These residts for one typical senes of the 
‘aging’, and also for the influeoec of rest period in restoring i, at the original I , to 
its pre- ‘aging’ value are shown in hg 2 
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TIME-HYSTERESIS OF CONDCWTIVITY 
IN BROMINE UNDER SILENT DISCHARGE 
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DiSCtTSSlON OK Kksults 

The conductivity » m au oioiusei type vessel, excited at a potential V, la given 
by the following general equation duo to .loshi (1947) 


wheio Ef loproaentB the frequencies developed undei the dischaigc, including those 
of the supply and its harmonics, and C’* aio the capantios associated with the 
combined annular walls and the excited gas respectively, the circiutal inductance 
L IS constant It follows from (i) that the decrease of », sue h as shown by c urves 
in fig 2, may be attributed (n) to a rise of Rf, a fictitious resistance m parallel with 
C’g, l/i?j represents the ionisation cuiient produced in the gas under fields due to 
V It depends primarily on the average velocity and the numbei per unit volume 
of the ions Changes in eithei or/ancl both these quantities should bo soiisihly 
instantaneous, if the reaction hiuhng to the, observed ‘aging’ effect in bromine is 
restricted to the vapoui phase Alterimtivelv, the decrease of i can originate fiom 
a decrease of (.’» This might tome about duo to adsoiption of the gas excited by 
the discharge As this is not an instantaneous process tiu gradual decrease ot » 
as observed is exphcable, if the assumption is made that Ej does not alter due to 
agmg’ Joshi (1946) has postulated the foimatioii ot an activated adsoiptiuii layer 
(s)’ formed, in part, trom a wall adsorption of the ions and mole c iilcs trcim the grw> 
phase, and that this layer might be a chief seat of the' pcricxlic vaiiation of »in 

reaction (Joshi & Dfshmukh, 1945) and thenowh discovered /osAt effect Ai an 
instantaneous and rtvei si hie photo variation oft (eic/c infra) It is now suggested 
that the time variation of t at c onstant V, constituting tlie ‘aging c ffc c t in bromine 
vapoui (fig 2), and like 8\ stems, may also be associated with the bchavioui of this 
boundary layer 

The disapiiearancc of a gas unclti the dischaigc due to adsoiption liy the walls 
has heen observexi by numerous woikcis I’ltickcr, \egiircl (lOKi), and Hqipel 
(1926) estabhshed it during exhaustive c xpciunciitH on > athodo spiittc ring The i< is 
also evidence to show that the adsoiption ol the gas is pionouiiced with me tals that 
sputter most copiously That adsorption, however, is not rcstiii tesi to conditicms 
lavounng metallic sxjiittering is sliown by Mill (1912) trom tlic' results obtained 
under the ring electrodeless discharge througli air in glass bulbs He attiibuted the 
adsorption produced under the above conditions to the foimation of the oxide of 
the metal in the glass Mey found that all gases othci than tlie inert gases 
combine readily with the cathode coated with an alkali metal Willows (1901) 
advaneexi evidence to show that the metal in the glass was chiellv lesponsible for 
the disappearance of the gas under discharge, and that the rate of dimmutioii of 
pressure duo to absorption deiiendod on the kind of gl.css, bemg, c g greater for soda 
than tor lead or Jena glass The ‘clean-up’ ot iodine vapour after long continued 
sparking between platmum elec ti odes has bcxui attributed by Lnedcking (1«90), in 
jiarl, to the formation ot alkali iodides or/and lodates as a lesult ot the inteiaction 
betwexm the vapour and the glass wall ol the discharge tube Kellner (1902) 
observed the formation of a sulphur yellow deposit on the' containei (glass) w alls, when 
bromme vapour was exposed to an electiic ebsc haige in o/one tubes No formation 
of such a deposit was, however, observed by the ant hois during these experiments 

It IB suggested by Joshi (194b) that the formation undei fields intense enough to 
sustam ionisation by collision, of the ‘activated lomc-J-rnolecular adsorption Layer’ 
leads (or is tantamount) to a ciielectric strain in the system, it tends to revert to the 
normal state on the discontmuation of tho discharge, due piesumably, to a desorp¬ 
tion of the bromme vapour Like its formation, the break-up (on the discontmuation 
of the difloharge) may well bo a time-roaotion This is illustrated by the general 
result (fig 2), that if the discharge is discontinued altei i has reached the constant 
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nuiumum m tlie stationary stage due to ‘aging’, and is restarted at the original 
ajiplied potential 1- after ddferent durations for the rjpst period, (jhe discharge current 
18 restored partially or fully, depending on its magnitude Thus gT at 8 kV apphed 
to the o/oniser, t decreases due to‘aging’ from the initial 83 to 61 fiJ, i o by about 
40% of the origmal current, the rest period necessary for its complete restoration is 
about 180 mmutes (fig 2) At lower appbed potentials, eg 7 6 and 6 9 kV, the 



^crease m the current » observed after ‘aging’ is about 22% of its initial value 
From the stondpomt of the adsorption layer mechanism, it is significant that 
excitation at lower potentials entails a smaller reet-penod, necessary for the complete 
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restoration of the original conductivity, thus e g , at 7 6 and 6 9 kV tliiH rest per%od is 
about 30 minutes During this, the restoration of ♦ is, howevei, only 20 per cent, 
when the onginal exciting potential is higher, viz 8 kV Over tlio entire range of 
the apphed potentials mentioned above, the constant mimmum value of t produced 
after ‘aging’ remained unaltered wlun the reil penotl was leduced to fi minutes 

(fig 2) 

Detailed experiments and long exposures showed tliat the ‘aging’ effect was 
not observed at/below 6 4 k\ (lig 2), this Biiggcsts that Joshi s general finding 
that a discharge reaction octurs onl\ above its <haracteiistn tliieshold potential’ 
V^, 18 apphcable to the wall, g«w type i eactioa, significant foi t he agmg ’ mechamsin 
Furthermore, the results in hg 2 show that the (iirrent dccri'asc duo to agmg’ is 
much faster at 8 kV’ than at lowei apphed potentials, this is also explicable on 
Joshi’s general finding that the velocity of a discharge leaction at a given apjihed 
potential V depends on V — V„ (Joshi, 1929, 1939, 1946, 1946) 

Eeirber results m these Laboratories m tbe case of the chluiiue g w have shown 
that with a freshly prepared ozoniser, the magnitude of the net Joshi effect Ai 
increases after ‘ aging ’ (Deo, 1946) It is, however, inteiostmg that t he variation in A« 
and the relative effect % A » with the time of exposure to disc liai go f/f c reme s with the 
increase in the duration of ‘agmg’ Thuse g , A rand %Ann chloiine alter lOhouis 
of exposure to discharge were about 8 and Ml lespectively, both these cjuantities 
decreased further by about 907o when the ‘aging’ was prolonged to 160 hours 
It may also be mentioned that in tlic present investigation, prior to agmg’. At in 
bromine vapour was markedly lugh, it beiamo negligibly small after aging tor 
about 69 minutes despite intense iiiadiatiun and vaued apphed })otontial8 Thus 
e g , at 6 9 kV, before agmg’, the discharge curiont in daik and undei hght, %o and 
tL, was 93 and 86 pA roHjiectively, the corresponding Ai and %At win 8 and 9 
respectively After 69 minutes exposure to discharge, to deci eased from the imtial 
93 to 81 6 fiA , and on irradiating the system at this stage it was 79 pA, tin i oin 
spending At and %At bemg 2 and ‘1 respectively Tin (limmutiuii to a lonstaiit 
minimum in the final stage (fig 2) ol t and thorefoie, ol in eiiuation (i) denotes 
the attainment of a stationary oqiiihbiium condition A pioloiigcd‘aging bojoiid 
this stage, enhances the stability of the bouiidaiy layer tins should ieduce the 
corresponding A* as observed, since it is determined by tin, activatid iliaractei ol 
the boundary layer, associated with mstabibt^ Using ticisslii, Crookis and like 
type discharge tubes, Joshi (1946) found that the effect A i is iithu not detected oi 
(compared with glass tubes) short liven, if both tin electrodes aic metallic It is, 
therefore, suggested that the behaviour of the above adsorption layei of bi oiume (res¬ 
ponsible for both A* and the ‘aging’ effect) should be mote metaUu than that of 
chlorine The comparatively much greater diminution ot At with liiomiiic vapour 
due to long 'aging ’ is, therefore, to be anticipated This deduction is in accord with 
like results under silent discharge excitation m the lase ol iodine, and mercury 
vapour now being studied in these Laboratories 

Our grateful thanks we duo to Professoi S S Joshi, D So (London), F R I (J , 
F N I, lor suggesting the problem, advice and kmd guidance during the work 
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ON A TREATMENT OF IMPERFECT CAS Al'TER FERMI’S MOREL (II). 
By M Dutta 

((’onimiuinfitcHl by J'lot N R Sen, R St , Ph R , F N I ) 

(Read August /, 1947 ) 


Abstract 


lu thiH pupitr, 11 fitrttiatii it) tin ory of imprrfott giis Iuvh In c 
prmoipln uniilogouH to 1 ‘huIi’k En liiHioii I’riiM ijplo ami ot tlio : 
of atati', gjv ing Vuu di r Waal‘» equation up to tu-'t approximnt 
into uccount thi tohomon mul t)io flniti uizo of rtioltiuliM Him 
phyau al spam into difl' loiit potential lay« rs anrl tolls ot voliii 
of luoloi ufo, an is dono in tin dim unsion of Ki nni Dirm. btutiati 


n dovoloptd by appliia 
11 thod of Fc nni Tlio 


>n, hag bci n obtamed by taking 
iltimi ouHly and by dividing the 
* b € qual to tho 6nitf oxtoiiBion 


iNTKOIfUOTlON 

In a previous pajm (llutta, 1947), the equation ot state tot an imperteit 
gus has been very simply tleduecd in two slips In tho first step, the effect of the 
&ute dimension of mol(.<uh-s has been tahulalcd by a method similar to that of 
Fermi m Fermi-Dirai St.itistn s, by the intriMlui tion ol a pruu iph quite analogous 
to Pauli’s Principle of EmIuhioii In the second stop, tho coiiettion lor cohesive 
forces has been introduiod by an iik icase m the effettive volume of the assembly 

In considering tho ctfoi t for finite duueusion of nioleiuh-, m that papir, tin 
physical spaie, mstead of tho phusi spine, has bt.in divided mto coils ot dimensions 
b, thi volume of ex< lusioii of iiuh ol tho nioloiulcs, and then, the i fleet of this 
exclusion m physical volume due to finito dimensions ot rigid molecules has been 
taken as a new prim iph of ivclusion, qmte simdar to that of Pauh-Fi nui in thi 
diecussion of Formi-Rirac Statistics The prmciplc has been toimuJuted thus No 
cell ot the physical space i an bo oi,i iipieil by more than one molecule at the same 
instant’ 

In the piescnt papei, it is toiiiul that, if the method ot Fcimi is foUowod more 
' losely, then the effect ot finite dimension ot molecules and that ot cohesion 
amongst the molecules can be considered m a very simple way m a smgle stop 
For this, over and abovo the division of the physical space into cells of sm^ 
volumes b, the physical space is to be divided mto potential energy layers, just as 
the phase space is ilivided into energy layers m the deduction of the Feiini-Rirac 
Statistics Then, as m the previous paper, the distiibutious in the physical sjiace 
and m the momenta space have been considered separately The thermodynamic 
probability for tho distribution m the physical space has lieoii calculated after 
Feimi, and that for the momenta space in the usual classical way , the product of 
these two gives the total thermodynamic probability 


Dbsobiptioh of thb Assembly 

The assembly undei consideration consists of N non diasoc latmg and iion- 
aesuciatmg molecules, each commanding on equal rigid volume of exclusion ot 
magiutude 6 The assembly is enclosed within an enclosure of volume V 

The effect of cohesion between molecules mamtests itself as the formation oi 
a very thm surface layer of potential energy slightly greater than that of the 
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interior So, m c onsidering the distribution in the physical space, the physic-al 
space will be at first divid^ into two layers, the interior is of volume Vi and of 
potential energy Wi, the surface layer is of volume Fg and Dp^tential energy 
Wf, where Wt<tVi and according to usual assumptions 1 < 1 i 

After this, the layers will lie divided uito cells of v^olume h as usual It is also 
assumed that b << Vi, I g 

Let Nj, Ng be numbers of moUcules in the interior and in the suiface layer 
respectively at an instant Let «i represent number of molecules with kinetic 
energy ci 

( 'aloulatiohs 

Then, the thermodynamic proliabJity, calculated ui the usual way, becomes 

- [(t) '/{'''■' (t ' f] x[(V) ' (t‘ ' 1] 

X[iVI/17o.I] (1) 

To got entropy, this is to be maximised subject to tlio following lestrictions 

wliero ic, iV, Fi, i j aie constants 
Now, 

log IF = log -A,) log -A^) 

+(t) - '•■*) (t 

+N log N-2«. ", 


The NHiiation of this after use of uiideterinuiid muKiphers gives. 




(2) 


(2a) 


or 

= ^ - 1 -, 

(8) 


Yx - ‘ 

6 

( 4 ) 


3 « 
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Now, m gasee, 






This 18 the well known Boltzmann Law for gases 
Now, 


iVi = N. 
N2 = N 


|/j e-#->+ Vze-i^ 


Kj + F* 

^ < < I, so, up to 1 st H]>[>ruznnatiuii 

A,=A’ -4-— 

14- 


whei o 
Now, a 


U! a« tDj — Wl >0 

shown in the (Dutta, 1947), 






““‘'[(t) 1 >!' '") '■* [ TT' '")] 


+N log iV+NA+^£' 


' —NiaWi — N J 


(5) 

(«) 
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Now, by well-kno'wn thennodyntuiuo rdatioii, 


On the substitution and the sinipliGoation, this gives 



Now, if r^/V, NbjV, cti , Aie lieiiled .is small quantities ot Ist ordi r, .nul th( 
small quantities of highu ordei an iiiglettiHl, thin, this bocomts 


As 




__ 

kT\dv)j kT\dV, 


g NkT MkT 
F-JiVd “ r-)J ’ 


. (10) 
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where ^ = \Nb, oncl so of \iBual interpretation, and 

kT [dvji Jtr[dV/rJ 

^f(T,V,N) • (11) 

as it IS the case for impeifeot gas in geiur.il 

To FIT IT WITH Van deb Waai’s Equation of Statf 

Now, to show the .igrei'ini'nt of the aliove equation with Van der Waal’s 
Equation, only « is to he shown to he indeiiendi nt of 7’, E and is pio])ortional to iV* 
As usual, it will he assumed that, 

wi = ^ |^c2e"”-Ci + y* jcje'” -Ci^l-r*r^|J 

where Cj, Cg are independent of T, F, N and depend only on the nature of mole 
r iilar attraction and mass of molecules 

= - (T. V, N) 

where ff(7', V, N) is a function, fiiute and with non-zero constant term in 
Taylor’s expansion 

-iV«[(c,t »7+e,)(l-Tn,7. + )(Tr)r~'’’!''''(l5' ) 

'"(sr),] V’) 

" ^*^tes~<'i) "+<'il+ ^ (r, V, 

= JV*[^Cj-l-a (c*-Ci)] 
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when the 2nd term is neglected as small quantity of higher order, and Fj be 
assumed to be equal to a F *Vii» 

Then, it is found that with those simpbf 3 nng conditions, the equation of 
state, obtained hero, reduces to that of Van dor Waal, if a is independent of 
T, F, N up to Ist approximation 

The equation of state obtained hero also reduces to that of Van der 
Waal, even if F* is taken to bo from consideration of dimension Then, 

p 

therefore neglecting quantities of order-p , a = V®ej 


Conclusion 

Here, it is found that the method of Pormi (as used in deduotion of Permi 
Statistics) ifl not only suitable lor consideimg effect ot volume, but also, i an 
be veiy simply extended to the eases where tluTO is certain field of force as 
that of cohesion It is also expected that this method can also be conveniently 
used in tlie case of a field of which the giadieiit is small 

It IS also to be noted that, up to the approximation nitamed here, the identical 
results are obtamed for thi t lu rmodynamK tuncttoiiH, and, foi the distributions m 
physical or momenta apace c \ i n if t he total thermrxlt namii probabibty is call ulated 
as the product of the thermodynamic probabilities for the mteiior, and foi the 
surface la\er considered separateh According to this idea tlie thermodynamic 
prohahihty is 



where bt is number of molecules with kinetic eneigy n and in the interior, 
and, c„ IS that with kinetic; energy »j„ and m the surface layet , and the restric ting 
equations arc 

276. = A 1 , i:c,n r= Eb,+Er„ = N 
276.(e,+M;j)+2’r„(')j„+«)2) = E 
where JV, E, Fj, Fg are constants 

All expressions for Vi, JVj, 6., W, P are same as obtained here 

This IS not quite unexpected The difiference of the present idea with that 
put forward in this paper may be looked upon as introduc tion of the hyrpothetical 
partition wall m the homogeneous thermodynamie system cliyiding volumes Fi and 
Fa and so there can be no deviation 

The author takes this opportunity to express his gratitude and thanks to Dr 
8 C Kar and Prof N R Sen for helpful discussions and keen interest taken in 
this paper 
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SPECTROGRAPHIC DETERMINATION OF GALLIUM IN INDIAN 
BAUXITE BY CARBON ARC CATHODE LAYER METHOD 
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(Commumcatod by Prof P B Saikar, Dr 6 h S( , FN I) 


[Heieued November .1, 19/6, teiiil September 5, 1947) 

ABSTKA<'T 

The carbon arc oathodo layer method has been applied to the determiuation of gallium 
in nine different samploa of Indian bauxite by meant) of the Uilger El Quartz Spoetrograph 
DotailH of a suitoble are ntand deginied for very minute are regubtion and efficient operation 
of the cathode layer method, of Twyman Simeon lina arrangement and of other neceesary 
equipments are described A consistent operatmg technique is adopted m the preparation of 
standard comparison spec tra of gallium m the range of 06% to 0001% and of the sample spectra 
The blackness of the Ga line 2943 7A with proper back|pound (urrection for eoch spectrum 
plato is obtamed with a photo electric non recording mierophotometer A calibration curve 
18 drawn relatmg tlie oorrootod blackonmg values and < oncxintrations of gallium obtamed from 
♦ ho standard plates Pcrcentoges of gallium in the bauxite samples are estimated by inter 
pointing the c orrected blackening values of the Oa Imo in the sample spectra on the calibration 
(urve That the method gives reproducible data is proved by the fact that duplicate spei tia 
of the same standard mixture and also of the same sample are almost identical 

Intboductiom 

Locoq do Boisbandran discovered gallium apoctrograplucallj Ultimate lines 
of gallium, according to Gramont were situated in the violet, 4033 01A and 4172 OSA 
Bertrand (1941) found that because of the iiresence of a contuiuous background 
in the violet, these ultimate Imos were not visible So these linos could not bo 
utilised m the case of pure metalhc galhum Ac cordmg to Bardot (1926) the idtra- 
violet Imes 2874 2A (coincident with an iron line) and 2943 7A jiormitted to recognise 
one by one hundred thousand of gallium m aJumimum 

Goldschmidt and Peters (1931) cietermmed somi-quantitatively the gallium 
-ontent in different aluminium contaming locks and minerals with the carbon arc 
cathode layer method of Mannkopff and Peters (1931) The comparison substance 
was made of a raivture of quartz with different quantities of GajOs and also of a 
mixture of Ga-freo aluminium oxide with known quantities of galLimi oxide 'I he 
contents were given as percentage GajOj and each result had a wide la ige of value, 
as 9 001—0 01%, nearer to the first figure and was designated as 10-8—(10"*) per 
cent They also found that the sensitivity of the Ga lino was not influence by the 
presence of alkali metals (in amounts usually present in rex ks and nuncrals) foi 
which several artificial alkah alumimura sihcates were jiiepared by adding do 
creasing amounts of GogOg 

Detailed developments and appUcations of the cathcxlo lajer siiectrum analysis 
method developed by Mannkopff and Peters woio desci ibed by Strock (1936) Lines 
of the elements which showed the ‘ Glimmsduc ht ’ effeot were wcxlge shaped wuth 
maximum mtensity near the base and the intensity ratio of two hues in the cathode 
layer was more c onstant than in the central art gas column 

In the present investigation as the internal standard line of suitable excitation 
characteristic was not available near the Ga-lme 2043 7A, the authoi also followed 
the ‘ Comparison Standard Methotl ’ 
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Expemmental 

(a) Equipment necessary for the mrhon arc cathode layer method 

The dispersion of the Hilger quart? spectrograph (El) was such that tlie charac 
teristu groups of Fo lines 3099 OVA, 31(M) 3oA, 31(M» mA and 3021 OTA, 3020 OtA 
wore quite di8tin( tly resolved 

For the efficient opeiation of tho cathode lajer methotl, Gramont’s univcisal 
ar( stand was found inconvenient Quill and Solwood (1929) d( signed an elec trodi 
liolder for oidinaij aic spectrum analysis, whuh was moii efficient than tin 
(Jramont's an stand An improved aic stand was designcsl which i>ermitted ui- 
stantani'ous control of the aic position, easy and vc'ry niuiuic arc legulatioiis and 
rapid change of electrodes from the holcleis Details of the construction are shown 
in Figure 1 



The two systems of holders could be used conveniently one after the other 
simply by rotating the arrangement through a half cycle without actually changing 
the hot electrodes The arc stand permitted separate regulation of the cathode, 
total arc height and rapid horizontal adjustment during the exposure Vertical 
adjustments of the two electrcxles at a time wore made by the circular movement 
of the screw-head at the top and of the lower electrode (cathode) separately by the 
screw-head at tho side attached to rack and pinion arrangement Horizontal 
adjustment of the two electrcxles was made simultaneously by a shght movement 
of the above screw-head sideways The construction of the spec lal type of clamps 
smtable for holdmg the short carbon electrodes and for making easy and rapid 
change of electrodes is also shown separately in the figure All the necessary in¬ 
sulations were made from ebomto and bakelite blocks 
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An olectnc supply of uj) to 15 amp at 220 vdc with suitable shde-wiro 
resistance in the circuit was arranged wliuh permittcnl the arc to be ignited at 2 amp 
and gradually increased m steps of 0 6 to 1 amp to as high as 15 amp 

The lens anangement reiommemled lij Twyman and Simeon (Strode, 1036) 
with necessary modification was found ven satisfactory for the i at bode lajer 
efteit This anangement is diagrammatic aU^ shown in Vigiire 2 



L£NS AHKANOtMENT 
Fio 2 


A shall) imago of tlie cathode layer the region adjoining the cathode was 
focussed enlarged onto the sjiei trograph sht This was achieved by foi ussing the 
arc, placed at a distance of 52 (in from the slit, sharjily with .a spherical quait/ 
condensing lens on a screen whn h liad an adjnstabh cuciilai diaphragm An 
opening of 4 5 nini of the (haplir.igin allow (sl to pass through it only the edge of the 
cathode and the adjoining an (olmnn 'I’he light from both the imandescent 
caibon electrodes was intcicepUsI b\ the s<ioen which would otherwise make the 
background heave Tlic arc was adjiistcsl so that the sharp c atluKle image eoim idcd 
witli a mark just over tin (dgc of the diaphragm and the im andestent anode with 
another mark on the screen 1 em below the latlicsle unage This lUuminatecl 
opening was focussed (enlarged bj another sphc'ricnl cpiart/ condensing lens onto 
the spectrograph slit The light jiassing the cuculn diaphragm formed nevily an 
elliptical imago over the slit with its niajoi axis 8 mm ui length in tlio vertical 
direction A constant electrode separation was best controlled by means of an 
enlarged imago thrown ovei a graduatcxl screen by a spherical condensing Ions 
This graduated screen was placed very near to the spectrograph slit so that the 
cathode and the aiicKio imago could easdv bo seen ovei botli the screen and the 
diaphragm simultaneously Near about one half ol the total aic length oveibing 
the cathode layer was ciscxl foi sht lUiuninalion As the illuminated image was 
8 mm in height ovcI Die spectrograjih slit instead of Haitmaiin diapluagm \ shaped 
diaphragm was used Tn this lens an angc ment any slight vaiiation such as wandering 
of the are as usually occurred and slight lateral lack of alignment eould not affect 
spoetrum intensity nearly so much as when a single lens was uses! for slit illiiniination 
For qualitative analysis, a sejearate ai range ment was incwlc -V second arc 
stand was placed at right angles to the former one in neaily the same Ime with the 
slit The ught of the arc was focussed onto the slit by passing through a siihenc al 
quartz lens and a right angle (‘hi”) quartz piism, placed propcily neai the slit 

('arbon rods of very gic'at jjiinty wore prcxliiced in this laboratory by the author 
(Mukherjee, 11)47) The starting materials. ‘Kiiio-Homogoti’ c arbon rods, contained 
above all traces of gallium as impurities The jmnhcvl final jiroducts were com 
pletely free even from the minute traces of galhum 

A cathode with 5 6 mm deep boro and 3 mm inner diameter with a wall thick¬ 
ness of 0 7 mm was found eonveniont for the analysis This cathode ongmallj 
6 0 nun in diameter llkewnse of purified carbon rod, was reduced to 3 7 nim in 
diameter over the upper 12 mm length m which the bore was made m order to 
make the wall thickness to 0 7 mm The anode was 6 mm m diameter with a flat 
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plain surface at the end The thin wall of the cathode was suitable for obtaining 
a steady arc, with little wandering and the arc was concentrated bke a narrow cone 
of light witlim the electrodes In each carbon rod the depth dMiw crater and the 
diamotcr of the thin wall was regulated by proper adjustments m a lathe machine 
in order to obtain the same type of cathode always 

(ft) Preparation of comparison standards 

As bauxite is an aluminium containing mmeral aluminium oxide was taken as 
the base substame By ijuahtative aio spei trographic analysis at 10 amp current 
it was tound that the aluminium hydioxide to be used as base contained traces of 
galhiim Giahaiiii and Seaborg (10.18) with the help of artificially produced radio 
IK live gaUium as an induator showed that (la could be extracted successfully by 
repeat^ extiattion with ether from a bN hydrochloric acid solution with as low a 
< oni cntiation of gallium as lO-i* parts per 1 part So gallium chloride was 
reiwldy extracted from 1 1 h\drothloiic acid by ether extraction Nearly 10 gm 

of aliimimum hydroxide was dissolyod in 1 1 hydrochloric and and the process 
oi ether extraction was followed which jirovided a separation from galhiim and 
man\ otlun metals Huffiiicnt quantity of liquor ammonia was added to the solu¬ 
tion until it was just alkahne, then tlioroughly washed, filtered and ignitcHi The 
process ol other extiaction was rcpoatcsl several times till the test spectrum showed 
the ( omplete absence of gallium line 

In pieparing the standard iniKtures, standard solutions of 0 01% and 0 (K>1 % 
gallium prepan (1 as gallium chloride from pure ammonium galhum alum were used 
For each raixtuie 100 mg of the gallium free aluminium oxide was taken and 
measured qu.intit\ of tin standard solution was added from a microburette In 
order to obtain an ki urate homogeneous mixture, this was diluted with little 
distilled water, evaporated over an eleitric heater and then igmted at 8(Kt®C over 
a mo( ker bin ner 1 ntiinate mixing was achii vod by grmdmg thoroughly in a i lean, 
smooth agate moitai By this means, a senes of standard mixtures of the followmg 
compositions was prepared 0 06%, 0 02%, 0 01%, 0 007%, 0 006%, 0 003%, 
0 001 %, 0 t>(K)6% and O 0001 % 

(c) Prodwtum of the spectra 

3 rag of a standard mixture was accurately weighed in a micro-balance m a 
5 0 c crucible and thoroughly mixed witli 3 mg pure carbon powder obtained during 
drilhng of the carbon rods with a sdvor rod of 2 6 mm m diameter, whoso one end 
was flat while the other end was hko a spoon The mixture was introduced mto 
the bonng ot the carbon rod with the silver Spoon and then slightly compressed with 
its flat end, proper precaution being taken not to lose even very small amount of 
this mixture The bormg was then loosely packed in the upper portion with some 
carbon powder The advantage of this packmg was that when the arc was first 
struck due to spurting only a small amount of the carbon powder was lost from the 
upper portion and when the arc was separated, after about 10 minutes the mixture 
began to buiu along with the carbon steadily 

Before an exposure, the position of the anode was accurately adjusted by a 
prelimmary arcing with two pure carbon rods The lower electrode was then re- 

K ' ^ced by the carbon rod packed with the mixture, the anode remaimng m position 
e arc was igmted at 3 amp when the cathode was allowed to strike steadily at 
the tip of the anode and then separated slightly The current was raised to 6 amp 
for few seconds, and the cathode was slowly racked down so that the cathode image 
coincided with the mark on the screen The current was then raised to 10 amp 
and the small shutter covering the spectrograph slit was ojlfened, the shutter of the 
plate bolder was kept open long before During the exposure the images of the 
cathode and anode were obsorvSi on the screen and accurately adjusted over the 
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marks The time of exposure was 160 seconds The colour of the arc was found 
to change after about 16 seconds, indicating that the sample began to vaporise in 
the arc At about 120 to 130 secs the colour of the arc sharply clianges to its 
original liue, indicating that all the sample was consumed About 7 mm of the 
cathode was burnt away during this tune Maintaimng a consistent oporatmg 
technique such as amount of standanl mixtiiit\ packing of the cathode bore, tune 
of exposure and developing proceduio, different standard plates correspondmg to 
the above standard mixtures were prcqiarcxl 

For the prcxluction of the spectia of the different samples of bauxite, the same 
oporatmg teohmqne was followed Ilford (H \ D UK)) plates and metol hydro- 
qmnone developer prepand avoiding to Ilford’s formula were used Fixed time 
of development (120 seconds) and fixation (10 miiiiites) at 18°C' with fresh solution 
for each plate and unifoim rooking piocediire duimg development wore followed m 
order to obtain plates of almost identical character The effects of the slight 
spitting m the arc cluiiiig vaporisation due to the carbons and of other disturbing 
factors involved such as the rate of vapoiisation ot the different samples which 
( oiild not be ehminatod were tound to be small when tlieduplu ati sjiectra of the same 
standard mixture weie examined 


(rf) Analysis of spectra by photometric measurement 

A comparator of smtahlc magnification was 
spectra 




iischI for visual inspection of the 


h m A TV r (I III Oa in vtandarcl luixtiircH 

06 % 01 % 005 % 001 % 0001 % 

2874 24 C'omciclent with Ko Imp 2874 17A 

2943 7 ++ ++ + + -s-O 

2944 18 + 4- + -rO 0 

3020 5 Comoidont with Pe Imc 3020 hk 


+ = Strong, -rO = Famt, 0 = Undetectable 


The sensitivity of the gaUium line 2943 7A was high and accepted for the 
analysis especially for lower concentrations The Ga line 2943 7A was less sensi¬ 
tive m the region 0 IKK)5% to 0 0001 '/o The Ga-hno 2874 >A was very sensitive 
over the ranges of concentration up to 0 0006% m the standard spectra but as this 
line was coincident with an iron line, it < ould not be ac c epted as the comparison 
hne 

The blackness was defined as the difference between the peaks of thc' gah ano- 
meter deflections of the microphotomoter for the Ga hne 2943 7A and for the 
background, taken adjacent to the line The blackness of the Ga-line was obtained 
with a photo electric non rocorclmg microphotometer and measiirc'd in arbitrary 
umts from the scale of the galvanometer Tlio background correction was apphod, 
subtracting from the galvanometer reading of the background tor each spectrum 
taken at a height of 1 mm from tlio base adjacent to the Ga-hne the reading of the 
Ga-hne As the spec triim lines in the c atliode layer were wedge shaped aud more 
intense towards the base, the photometric measurement of the line 2943 7A was 
carried out at a height of 1 mm from the base In order to make an accurate 
measurement of the position and height of thc Ga line, there were two sliding arrange 
ments at right angles to one another in the plate holder of the microphotomotci 
fitted with millimeter scales 

A calibration curve was then drawn (Fig 3) with the corrected blackening 
values of the Ga-lme m the different standard spectra plotted as onlinates against 
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percentage of gallium m the corresponding -itandaid mixture Percentage of 
gallium present in the different samples of bauxite were detei;mined by correlating 
the corroc toil blai kt ning vabu s of the Ga-line in sample specific in the standard 
calibration curve 



PER CENT Ga -► 

Fia 3 


Bauxite 



Tabi.ic II 


IjCS ality Percentage 

Ixdgipat, K Lohardagn, Bihar 0 002 

N t: of Ainarkantak, S Rcwali 0 0036 

N W of Radhanagri 0 0048 

Yelurgarh Fort, Bombay 0 008 

fiiirganj Stab' 0 007 

0 008 

Katni, cfiibbiilporc C P 0 0066 

1 mile N W of Dhagarvadi, Kolhapur, Bombay 0 0026 

tin In I, Riasi Tehsil, Kashmir 0 007 
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Disijussioh 

In the carbon arc cathode layei method, when the cathode was adjusted to 
keep its image fixed just on the c'dge ol the ro< tangidai diaphragm, tlie spectrum 
revealed the presence of a black stieak at the bottom which was due to the con¬ 
tinuous light from the cathode', (Strexk, 1930) As the contmuous light masked 
the Imes at the bottom of the sjxjctium, no accurate photometric measurement 
was possible at this most sensitive region of the cathode layer s|iectnim specially 
at low concentrations of the elccmcmt In the- pre sc tit invctstigatioii, in order to avoid 
this contiimouB background at the bottom cathode was constantly regulated to 
keep its image hxod just over the edge ol the dia|iluagm, so that the incandescent 
cathode was cut off b\ the scieeii while the high sensitivity of the cathode layer 
method was by no moans affec ted 

In Twyman-Sunoon lens aiiangcnient lectangulai diaphiagm was used m 
(lottingon (Strock, lOhi) In the jirosent invc'stigation the author used a circular 
diaphragm, for winch the ellijitical light image formed over the siiectrograph slit 
has the central layer of maximum interisit\ along the vertical direction with the 
vertical distribution of the light in the cathode layer aic coluniii proportionately 
enlarged 

During preparation of standard nuxturcs and production ot spectra that a 
consistent operating techmquo was always maintained yv«« pioved b> the fact that 
dupbeato spectra of the same standaid mixture and also ot tlu same sample wore 
almost identical 
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A NOTE ON THE PHYSICAL CHARACTERISTIC'S OF THE PARTIALLY 
DEGENERATE MODEL STARS OF SMALL MASSES 


By K S SlNGWi, RMtarch Fellow, Xnltonal hmtttule of Bciencei of India, 

VMveratiy of Delhi, Delhi 

(Communicated by Dr D S Kothaii, Pb D , F N 1 ) 

{Beceired September i4, read 7th November, 1947 ) 

Abstract 

Certain phjwical pro|)«rtioB of tlie partially degenerate model Htaru ot inaaseH SQ. > 
zo, lo »nd 060 are calculated for the coiitial degeneracy i^o <•, 2 and 5, using Ware’s 
numerical integration of the difEorential equation for the partially degenerate etandoid model 
In the calculations account has been taken of both the radiative and the condiutive opacities 
at the centre of the star The results show that the central stars of the planetar nebulae are 
in partially degenerate state 

§ Intbobuotiok 

It has been suggested by Chandiasekliar (1939) tliat the siipuiiova oiitbuist 
may result from the inability of a star of mass greater tliaii J/g (jl/g =■ .T b 
to settle down to the final state of complete degeneracy without getting ml ot oKiess 
mass After the excess mass is blown off the star will, tor the hrst time, be in t 
position to develop a degenerate core Minkowski s (1942) spectrosi opic study 
oi the Crab nebula seems to support Chandrasekhars suggestion Hm analysis 
of the lentral star of the Crab nebula—the stellar ramanant of a siipixiiova shows 
that It IS an object of extremely high surface temperature T,~5xli)®°C, higli 
density p~l 8X10* gm /e o , and high luminosity L/Lq~ ) x Id*, but it has a small 
ladius R = 02iJQ It is a white dwarf m which degeneiatv is iniomplete 

The planetary nebulae, as for example the famous Ring nebula m Lyra, aie 
(omposed of a shell of tenuous gases at the centre of which is a small but e\.ceedingly 
not star The question whether these planetary nebulae result from supernova 
explosion is as yet unanswered If wo accept Chaiuliasekhar’s suggestion, then the 
central stars of the planetary nebulae are on their way to cninpleto dngtneracy 
It would, therefore, be interesting to investigate certain physical propel ties of 
partially degenerate model stars for varying central dogeueracj Oiu calculations 
seem to support the suggestion that the planetary nuclei aio m partially degenerate 
state 


§ 2 Mathbuatioal Fobhulab 

Using Ware s (1944) results, the central temperature and tlie central density 
Pc tor a given oeutial degeneracy ifiQ are respectively given by 


r. = 4 47xio»7;*(w(y)*. 


( 1 ) 


and 


p, = 2 72 X10V« fi . 


( 2 ) 
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where Fi(^) and (0) ■ ^Fs/s(^) are the well-known I'enni-Dirao functions, ft, the 
molecular weight of the stellar matenal and the ratio of pressure to the 

total pressure 

The general quai tic equation is 

M = -9 67 X 10»V/(3) 


wheie M denotes the mass of the star The valiu' of the (}uantit> in the square 
biaiket on the right hand side ol (3) is tabulated in Ware’s paper (1944) for = d, 
2 and 6 (i/iq-^oo for comjilote degeneracy, and —°o for complete non¬ 
degeneracy) 

The radius of the configuration is 


»_ 9 00944 

/.Jy8*(l-j8)]» 


(“ 1 ) 


wheu' the boundaiy value constaut (i depends on icntral degeneiacy i/io and is 
tabidated in Ware’s paper 


§ J The Opacity, the Molecul-ir Weight ani> the Luminosity 

In the tiaasitiori legion Ik tween non <kgenera(v and degeneraej the radiative 
opacity k, is ol tlie same order of magnitudt as the lonductive opacity k, Tlie 
effective opacity k is taken to lie 


The expressions for tlie radiative and the (onduitivc opaiitics weie taken Irom 
Marshak’s paper (1940) The concentration X, of the HtissoU mixtuiw was assumeil 
to be umty, and the guillotine factor t was calculated, following Stromgren, for 
different temixratures For temperature 7'>10®'’C and density p>l()* gm/c c , 
the scattering opacity k, predominates over the radiative opai ity Thi expression 
for kt was taken from Morse’s paper (1940) 

In ordoi to know the conductive opacity amu'atelj m the transition region, 
it 18 necessaiy to know k, both on the non-degeneiate and the degenoiato side For 
a given temperatme T, Log k, is plotted against and the value is then road 
from the graph Curves of this type were plotted for different temperatures (as 
has been done by Marshak, 1940) 

In all our calculations we have uscxl the value of ft at the centre of the model 
star Assuming p = 2, as a first approximation, and Tc are known from equa¬ 
tions (1) and (2) Knowing p^ the value of ft at the centre is cakulatiHl following 
Marshak (1940) 

In calculatmg the liunmosity of the model stars we use EkJdmgton's mass 
luminosity relation, in which for k we substitute the effective opacity at the centre 
and 7) 18 taken to be equal to umty (since the energy generation is due to gravitation) 
§4 The results of our oaloulations for the model stars of masses 60, 4©, 
2©, 1 © and 06© are given m the tables below for three different values of ^ = 0, 
2 and 6 It may be pomted out here that our calculated values for the surface 
temperature T, and the luminosity LJLq will be higher than the actual values 
which the model stars would have for a given central degeneracy, since we have 
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Muh) 

M/O 

Log 

Logp^ 

Log 

Log 

LogA^ 

Log 

LILq 

Log 

mo 

T, 

C 

1 2126 

4 73 

8 38 

1 46 


2 67 

0 079 

90,030 

4 

2 14S4 

4 70 

8 34 

I 47 


2 40 

0 076 

83,660 

2. 

3 6802 

4 26 

8 03 

I 02 


1 68 

0 083 

49,680 

‘ 

3 3294 

3 98 

1 7 70 

0 43 


0 02 

0 082 

20,300 


* Wherever j 

8 ununportunl <oinjiarcd to A,, 

the hitt<*r 1 

8a«ed 






Tablk 2 



00 - 2 


M/O 

Log ' 

Log Pc 

Logr^ 

Leg 

Log 

Log 

‘H^o 

Log 

mo 


6 

3 6128 

6 31 

8 44 

I 46 

0 62 

2 02 

0 041 

91,110 

4 

3 4190 

6 12 

831 

1 48 

0 68 

1 69 

0 044 

72,010 

2 

4 0982 

4 76 

8 03 

I 62 

0 88 

0 92 

0 047 

46,300 

1 

4 6670 

4 47 

7 80 

0 44 

1 08 

T 43 

0 046 

19,400 

U6 

4 2034 

4 05 

760 

1 03 

144 

2 14 

0 060 

8,831 


Txble 3 

“ 5 


Mass 

M/O 

Log 

Log Pc 

Log 

1 

Log 

Log 

Log 

n'o 

Log 

RIRq 


6 

4 8902 

6 79 

8 42 

i 46 

i 64 

1 48 

0 023 

89,640 

4 

4 6964 

6 60 

8 29 

1 47 

196 

1 06 

0 026 

67,060 

•2 

4 0942 

4 99 

7 89 

168 

1 0 24 

1 60 

0 031 

24,660 

1 

6 7600 

4 71 

7 66 

0 87 

0 48 

2 64 

0 03'» 

14,240 

06 

6 3660 

4 38 

7 41 

1 30 

0 64 

3 82 

0 031 

8 318 


§ 6. COKOLUSION 

The results tabulated in § 4 show that our model stars are extreme objects of 
high density, high surface and central temperatures and high lummosity but have 
small radu They may be classified as blue dwarfs From his spectroscopic study 
of a large numb^ of planetary nebulae, Page (1942) estimates the surface tem¬ 
perature of the confer^ stars to he between 20,000 and 100,000 Tliough the masses 
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of the planetary nuclei are not known accurately it is reasonable to assume them to 
he between 6© and 1© (certainly much less than the^ass of the central star 
of the Crab nebula, which has been estimated by Minkowski tolJBl 0) The planetauy 
nuclei are no doubt extreme objects, but are milder than the central star of the 
Crab nebula It would not be unreasonable to say that the precedmg tables are a 
fair representation of the physical characteristics of the planetary nuclei under 
varymg central degeneracy 

It IS a pleasure to express my thanks to Prof D S Kothari for his very kmd 
interest m this work 
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STUDIES IN THE EMBRYOLOGY OF ANISOMELES INDICA O KZE AND 
LEONUEUE SIBIRICUS LINN 

By Jayanta Kumar Ganguly, M Sc , Department of Botany, Calcutta University. 

(Commuiuoatod by Dr I Banorji, D Sc ) 

(Received September 1, 1916, read August 4, 1947 ) 

Since the beginning of thw century a considerable amount of work has been 
done on various genera of Labiatao The oai Imr literature on the morphology and 
embryology have been reviewed by Silmarf (1931) During the last few years a 
number of important papers have been published Laws (1930) described the em¬ 
bryology of iMvandula Ruttle (1931, 1932) investigated the embryo sac develop¬ 
ment of five species of Mentha ancl the ombryo-sao ancl seed development of Lycopus 
europaeua Jimell (1934) has given an account of the structure and morphology 
of the gynoeoium m some genera of V'orbenaceae and Labiatae He also studied 
the development of seed in some ‘ vc rbonoid Labiatao ’ Recently Bushnell (1936o) 
has studied tho development of ovule and macrogametophyte of Moruirda Jistulosa, 
M didyma, M punctata and Nepeta ecilana She founcl all of them similar except 
for mmor differences Carlson and Stuart (1930) have investigated the development 
of spores and gametophy tea of six New World species of Salvui The most important 
paper in recent years is that of Junell (1937) whose extensive study comprises mnotoon 
genera and twenty-four species b< longing to tho three sub-familios Lavanduloidoae, 
Stachyoideao and Ooimoidoae Though he has attempted to generalise the stages 
of endosperm formation, his account lacks iii detailed description of all the individual 
species 

In India, Narasimha Miirthy (1940) has described tho embryology of throe 
species of Ocvmum. Tho same author has subseciuontlv pubhshed two short notes 
on tho endosperm formation m Lcucas aspera (1941) and in two species oiAnisomeles 
viz , A malabarica and A indtca (1942) 

The present investigation was undertaken before tho publication of Narasimha 
Murthy’s note (1942) on Amsomehs and a detailed and critical study has revealed 
fundamental cLfiforencos with tho latter As regards Leonurus, Billings (1909) and 
Junell (1937) have recorded a few mature ombryological stages in Leonurus cardtaca 


Materials and Methods 

Flower buds of varying stages of development and developing seeds of Anisotneles 
and Leonurus both ol which wore found growing in waste places and fields of 
Ballygungo, Calcutta, were fixed in field between 19 a m to 3 p m on bright days 
Allen’s modified Bomn’s and Nawaschin’s fluids wore employed as fixatives To 
faoihtate proper fixation an exhaust pump was used at the time of fixing Nawas- 
ohm’s fluid gave better results for all stages of Ant •someles whde post fertilisation 
stages in Leonurus came out better in Allen’s modified Bourn’s fluid Materials 
wore dehydrated, cleared and embedded in paraflin in the customary ways In 
case of ovaries oontaimng post-fcrtibsation stages, cloarmg was done m oeder-wood 
oiL Sections were out thick depending on tho stage reqmred for study 

Heidenham’s iron-alum haemktoxyhii and Newton's lodme Gentian Violet were 
used as stains 
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Observations 

The Development of the Floral Parts —The development of JiffHoral parts has 
been studied in detail in Anxsotneles tndtca As the stages of development in 
Leonurua were found to conform to that oiAmsomeles, the description of latter spocies 
IS alone given here 

The primordium of the flower is at first visible in the axil of a bracteole as a 
domoshaped protuberance (Fig 1) The sepals are the first members to apiiear as 
prominences from the sides of the dome (Fig 2) As the calyx grows, the central 
mass of cells (the primordium) again becomes broad and completely covered up by 
the sepals (Fig 3) The stamiiial pnmordia then arise from the base of the sepals 
which arc pushed out (Fig 4) Soon after this tho pnmordia of the petals emerge 
from tho dorsal surface of tho stamens (Fig 6) Tho central primordium still remains 
undifferentiated, it becomes wavy in appearance when the petals have just over¬ 
grown the anthers From this central portion the carpellary pnmordia anso (Fig 6) 

It appears from above that tho order of development of the floral parts is sepals, 
stamens, petals and carpels Thus there is alternately airopetal and basipotal 
successions ot tho different cycles, and this is a deviation from the general order of 
development of oycho flowers in which the cycles appear mostly in acropetal suc¬ 
cession Such deviations are reported in other families like Rosaceae, Compositao, 
Dipsacaceae, Valorianacoae, Rubiaceae and Cruciferae The order of appearance 
of cycles noted in Anisomeles has also been observed in various members of Scrophu- 
lariaceao by Schertz (1919), Srmath (1940), Rrinivasan (1940) and by Krishna Iyengar 
(1937-40) Webb (1902) has observed in Ashlbe that the order of succession of the 
floral parts is sepals, inner stamens, carjiels, outer stamens and petals Tho ap¬ 
pearance of petals on dorsal surface of stamens is also reported in Primulaoeae by 
Pfeffer (1872) That the petals and stamens have a common origin one appearing 
a little later than the other is evident when a later stage is examined (Fig 7) 

The pnmordia ot carpels come out at the base ol the stamens, after the latter 
have been overgrown by the petals In longitudinal section they appear as two 
protuberances leaving a depressed area at the centre (Fig 6) Tho origin of the 
carpels is thus lateral Examination of later stages shows that these really form tho 
wall of tho ovary By further growth of tho wall and a simultaneous broademng 
of the central portion, the cavity of the ovary is formed When tho wall meets at 
the tip the ovules are seen to arise on the broadened central portion at the base 
of tho ovarian wall (Fig 8) A transverse section of tho ovary shows that the ovules 
arise on the placenta formed at the margin of the two united carpels (Fig 12) The 
placental cushion thus takes its origin as a united structure, the two ovules mowing 
on tho two sides of it in diametrically opjHisite directions The ovanan wall, in the 
meantime, join at tho centre producing tho ovarian cavity The united carpels 
contmue their growth upwards to form the stylo and stigma (Fig 9) 

Formation of the Oynohastc style and lobing of the Ovary —After the style has 
grown to a certain length and the ovules enlarged in size (before the inception of the 
archcsponal cell), tho basal portion of the former begins to grow downwards in 
between the ovules (Fig 10) This process continues pan passu with the growth of 
the ovules, and ultimately at the four-nucleate stage of the gametophyte it reaches 
tho basal portion, dividing the ovary into four lobes from inside each lobe containing 
one ovule (Fig 11) Along with this process tho external surface of tho ovary 
opposite to the placental tissue inside becomes involuted gradually towards tho 
centre of tho ovary (Fig 12) and thus completes the ovanan lobing mto four bits 
At this stage the inner moss of tissue at the noid-rib of the carpels (the ‘storde carpels’ 
of Saunders, 1939) also grows towards each other and form a secondary septum. 
Tho style does not fuse at the base but an empty space is left there It follows 
from the foregoing facts that the placentation is not wholly axile m nature but it 
18 a combmed form of axile and panetal placentation. 
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The general idea of the axde nature of the placentation (cf Rendle (1935)) m 
this family is thus not supported by tho evidence obtained by a study of the 
organogeny in the two bjiccios 



Fioa l-l4 Antaomeleg tndtca Figs 1-7—Stages in tlio development of floral organs X38 
CO petals', AN—stamens, X—point of common origin of petals and stamen. Figs 8-11.— 
Stages in tho ontogeny ol the gynoecium, growth and curvature of the ovules and the 
formation of the gynobasie stylo (s() x38 Fig 12—-Transverse section of young 

ovary x38 Figs 13 14—Development of the obturator [obt) and integuments. 
Fig 13—XllS Fig 14—x88 tigs 15-18 Leonurus 9%b%ncut Stages showing tho 
curvature of the ovule, dovclopmont of integuments and obturator (oh) x88 See 
text for details 

The fleshy annular disc wTiich is seen in the mature stages of the flower com¬ 
mences to grow out round the base of the ovary at tho time when the style begins 
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to push m between the ovules as described above In AnvaomeUa (Fig 11), this is 
rounded in outline and of greater thickness, whereas m ieonwnta^iis thinner and 
forms a cup-shaped structure at the base 

Devdopinent of the Ovule and the Integuments —^Tho ovule begms to curve away 
from its orthotropous condition by unilateral growth before the inception of the 
archosporial cell Wlien the curvature is less than ninety degrees, the archesporial 
cell 18 differentiated in the hypodermal layer oven before the appearance of the 
nitegumental pnmordium In the Labiatae, such an early inception of the arches- 
porium has been observed and figured by Bushnell (lfl38«), Junoll (1937) and Nara- 
simha Murthy (1940) It is characteristic of many Scrophulariacoae, Solanaeoao, 
etc but 18 also reported m distant lanulios like Juglandaceae (Langdon, 1935) and 
m Blyjca, a monocotyledon (Itangaswamy, 1941) 

The integument appears when the megasporo mother coll becomes differentiated, 
and the pnmordium is first notisl on the side iloso to the funiclo (Figs 19-20) In 
A m somwi the ov iilc attains the anatropous condition when the mtegumciit apjiears 
on both Hides of the nucollus (Fig 13) The latter boi omos massive at the mature 
htage ol the embryo sac, and at the micropylar portion, it is 12-14 layers on the 
side away from the axis and 7-8 layers on the other side It is, however, thinner 
at the lower region bordering the embryo-sac When the integument lies just below 
the iiucellar tip, the obturator appears at the funicular region overlying the nucollus 
and the inner part of the integument (Fig 13) It extends above the iiuoellar 
portion beloro the nucropylo is formed by the integuments At the mature stage 
it takes a massive form fitting over the mu ropyle like a hd (Fig 14) 

In Leonurus the attainment of the anatropous condition is delayed by the fact 
that the obtuiator takes its origin earlier than it does in Anisomeles, i e , when the 
integuments are halfway around the nucollus (Fig 1ft) It grows vigorously and 
assumes a massive appeaianct and the ciuvaturo of the ovule is somewhat arrested 
at this jHiriod When the growth of the ov ulo is followed up to the attainment of 
its final form, it is noted that in Ijeonurus it curves along the fumcle as well as along 
its lower portion and the curvature is continued up to the tetrad stage of the mega¬ 
spores ri'Hiilting m a transverse oiiontation of the latter Consequently, this brings 
about a somewhat campylotropous condition which is more apparent in the mature 
stage of the gametophyto (Figs 17 18) Though Jiincll (1937) has figured such 
forms in Phy^oftegui, StdenUs and Notochaele and referred to the micropyles as beak- 
liko, he has not made any statement regarding the ovular orientation m these cases 
In Amsomeles, however, the ovule curves only along the fumcle rotainmg the anatro- 
pous condition (Fig 14) 

Formation of the Megaspores —In a number of cases a multiple archesponum 
has been observed in Leonurus In one instance, as many as six archosporial cells 
havo been obsfrved, and among these the upper two are slightly larger (Fig 14) 
The existence of two megasporo mother cells has also boon detected, either super¬ 
imposed or lying Hide by side, in Leonurus (Figs 21 22) The mogaspore mother 
coll enters into the meiotic prophaso long before the integument is fully grown, and 
soon attains its maximum size and form The fully developed megasporo mother 
cell 18 much longer in Anisomeles in which it shows a long process lodged into the 
nucollar tissue below (Fig 38) Both the divisions of the megaspore mother coll 
are unequal so that the lower dyad coll and the lowermost megasporo are longer 
(Figs 23, 24, 38, 39) Junoll (1937) has recorded such a long megaspore in Mdu- 
cella, but m Lavandula the raogaspores arc of equal size (Laws (1930), Junell (1937)) 
The rate of division generally slows down in the upper dyad in Anisomeles (Fig 39) 
as figured by Sharp (1911) m Physostegia 

An abnormal case of a dyad and a tetrad, one partly ovorlymg the other, has 
been observed in Anisomeles (Fig 41) The tetrad is fully formed while the dyad 
is just organised This appears to have developed from the differential growth of 
two megasporo mother cells lying side by side In two other instanoes m Leonurus, 
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a triad and a tetrad one overlying the other has also been noted (Fig 24A) A still 
more peculiar and complex orgamsation has been noted in Leonurua, in which there 
are ten megaspores arranged m an irregulai fashion (Fig 26) Of these, one of the 
lowermost mogasporos has developed mto a four nucleate embryo-sac without much 
enlargement of the latter, three are much larger than those in a normal tetrad while 
three are small and m different stages of degeneration and the remaining three are of 
mtermediate sizes but not very healthy Thus from amongst the whole set one can 
trace the ooncurrentT development and degeneration of a number of gamotophytes 
and megaspores respectively 

Normally, the lowermost cell of the linear tetrad which is already enlarged 
functions as the embryo-sao mother coll It may be siiggi •ited that the precocious 
enlargement of the lower dyad coll as also of the chahzal megosporo indicates the 
potential fertility of the basal portion of the megaspori mother cell at earlier stages 

The disintegration of the up|H»r three megaspores of the linear tetrad takes 
place from below upwards in both tho species studied Fig 40 shows the irregular 
outline of the degenerating mogaspore nucleus in AnxvmeUa as the first indication 
of tho process and this is also evident in Levnurua Tho ilegoneration of tlio non¬ 
functional megasporos is not completed until afUr tho late two nucleate stage and 
IS completed in Leonurua at the initiation ol the four nucleate stage (Figs 20, 27) 

Nucellua —The primary differentiation of the nindlus takes place when the 
integuments are initiated and the megaspon* inothci cell enters mto tho meiotio 
prophaso (Fig 20) It appears as a single layi r above, and two layers on the sides 
of the megaspore mother cell When tho latter imrcosos in size, the epidermal 
layer of the nucellus keeps pace with it by intercalary growtli with the result that 
the lateral cells of the nucellus (below the < pidennal layer) aio confined to tho basal 
regions of tho dyad megosporo niothoi cell (Fig 37) Ultimately those cells become 
loosely arranged and degenerate with tho organisafion of the tetrad The epidermal 
layer also begins to disintegrate with tho degeneration of the upper three megasjKiros 
In Leonurua, degeneration of this layer is coinpletwl before tho uifixir three megasporos 
degenerate, while m Amaomelea, the rovoise is tho case Such a simple and reduced 
typo of nucellus which has been termed ‘ nuoollo ’ by Bain ka Iwanowska (I89h) seems 
to bo charactonstio of the sympetalous famihes Juuoll (1137) has found it m the 
various species of Labiatao 

In connection with the nucellus tho most intcirostmg feature observed is tho 
presence in Amaomelea of two or three nuclei in tho lateral and lower cells of tho 
nucelhis (Figs 37, 38) Among these one of tlio cells in tho basal region is parti- 
oularly larger, and all these cells charai toristically persist through tho developmental 
stages In two instances in Leonurus (Fig 20), a basal nucollar cell has boon found 
to be bmucloate The nuclei of these cells disintegrate in the maturo stages of the 
embryo-sac It is interesting to note that such biiuidoato nucollar cells were also 
found to occur at the tip of tho abnormal dytul and Utiad stage of Aniaomilea 
The ooourronco of such multmueleato nucollar colls has not been uoordod by prov ions 
workers in this family 

Another structural x>eoulianty is tho porichnal division of the two epidermal 
nucellar cells at tho tip In Amaomelea (Fig 38) it is noticed after the dyad stap, 
whereas m Leonurua (Fig 22), it is soon to take place earlier This feature has also 
not been recorded m this family 

The Devdopment of the Embryo aac —^The nucleus of the enlarging megosporo 
divides at the centre In Leonurua tho two nuclei migrate to tho extreme poles 
but m Anxaomelea the nucleus proceeding towards the chalazal end stops at a certain 
distance before the pole and divides there (Fig 42) so that m the resultmg four- 
nucleate gametophyte, the big vacuoles lie m between the two paors of nuclei in tho 
former (Rg 27) and below the two pairs in tho latter (Fig 43) 

Rapid enlargement of tho embryo sac takes place at tho four-nucleate stage 
(Figs 27, 28, 43), this feature has previously been noted by Sohnarf (1917), Ruttle 
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(1931, 1932) and Junell (1937) in their investigations on the vanous species of this 
family The enlarging embryo-sao pushes through the just degenerated maorospore- 
and nucellar-cap and grows along the mioropyle with a simultaneous dissolution of 
the integumental issue This leads to the formation of an upper broadened part of 
the embryo-sao in contrast to the lower narrower part which is more or less oyhndrioal 
and mvested by a tapetal jacket of the integument {mde infra) The enlargement 
is more pronounced in Leonurns where the micropylar portion is not only much 
longer than tho ohalazal portion but also much greater in breadth thus offering a 
sharp contrast which is lacking in Antaomeles Tho latter species also chffors from 
Leonurus in having a greater development of the embryo-sao before the micropylar 
extension which in its turn does not dominate in size and shape over the lower 
portion 

Since the growth of the embryo-sao proceeds along the micropylar canal, the 
resulting shape of the embryo-sao is also accordingly influenced It is more or less 
straight in Antaomeles and L shaped in Leonurus This dependency of the shapi of 
the embryo-sac on the earlier orientation of the ovular parts has already been pomted 
out in connection with the development of tho megasporangium 

The four-nucleato gamotophyto passes to the oiglit-nucloate stage During the 
formation of mature garaetophyte from this eight-nucleate stage, which has been 
studied in detail in Anisom^a, one nucleus from each polo migrates towards the 
centre and tho two nuclei ho side by side just above tho narrow ohalazal part 
Simultaneously, the egg apparatus and the antipodal cells begm to orgamse at tho 
two poles At tho micropylar end, two nuclei become differentiated as the synorgids, 
which m this primary stage appear somewhat triangular in form as hgured by Bushnell 
(1936tt) The other nucleus organises the egg cell which is attached to tho micropylar 
end of tho embryo-sac Tho egg is at this time much larger than the developing 
synergids and a small vacuole is already developed at the upper end At the anti¬ 
podal ond, one of the nuclei becomes mvested by a cytoplasmio membrane to form 
a small triangular cell, while the other two are enclosed within a common mem¬ 
brane below the triangular coll and become longer and bigger in size as well (h’lg 44) 
Later, tho binucleate cell divides longitudinally into two long antipodal colls with 
two divergent wingliko processes in between which the third smaller antipodal cell 
occurs At this stage the antipodals are quite rich m cytoplasm and have jirominent 
nuclei indicating a physiological activity (Fig 45) It is to be noted hero that the 
antipodals may bo organised before tho differentiation of tho egg apparatus 

The egg apparatus m tho later stages in Anisomeles becomes further differen¬ 
tiated The synergids become very long each having one large vacuole at tho basal 
portion which is perfectly roimd in outline In tho upper portion prominent hooks 
develop and tho nucleus lies just above tho vacuole Tho tijis of the synergids 
become extended into the mieropylo as long pointed structures Tho egg cell hangs 
below tho synergids and possesses tho usual structure Tho cytoplasm seems to 
have reserve food matters (Fig 46) 

In Leonurus, as m Antsomeles, the two polar nuclei migrate at that region of 
separation of tho upper and lower part of tho embryo sac, i o , j ust at the mouth of 
the narrow ohalazal portion It is interesting to note that tho upper pvlar nucleus 
IS more than twice as largo as the lower one, this smaller size of the chalazal polar 
nucleus is significant in that tho antipodals degenerate early (Fig 33) 

The shape of the antipodal cells has been found to be identical with that observed 
m Antaomeles, there being two long lower cells with a smaller one fitting into the 
upper portion of the long cells (Fig 33) In the egg apparatus, each of the synergids 
has a characteristic hook and a large spherical basal portion with a vacuole, and the 
nucleus lies above it Tho egg has a distinct stalk and the bulging lower portion 
oontaimng the nucleus hangs below the synorgids (Fig 36). 

In both the oases the antipodal cells degenerate very early and it is difficult to 
trace them m a mature embryo-sao (Figs 34, 46) The two polar nuclei remam side 
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by Side for a long time before fertilisation In Leonvrus, they fuse before fertilisa¬ 
tion, but in Anuomeles, they have been found to fuse at the time of double fertilisa¬ 
tion as will be described later on 

Double and MvMxple Embryo-sacs —Several interesting oases of double and 
multiple embryo-sacs have bet n observed in Leonurua In one case (Fig 29) two 
embryo-sacs, each with a four nucleate gametophyte, have been found m which both 
the embryo-sacs are almost of eejual si/o, one of thtm has just started to grow above 
the other In two other instances (Fig 30), one of these four-nucleate embrjo- 
saos has grown considerably above the other which li^s behind being pressed at the 
side by the former This stage must have been derivtd from a condition similar to 
the double embryo sac just describwl In another tase the smaller embryo-sac 
lies at the micropylar part at the side of the larger sac and contains five nuclei— 
one pair at each of the two poles and one at the centre The lower portion of this 
smaller embryo sac is, howevci, deflected on the larger one (Fig 31) 

A multiple embryo sac is illustrated in Fig 32 There are three embryo-sacs 
in the upper broadened part and two in the lower Of the three in the upper, one is 
an eight-nucleate gametophyte with four micic-i at the two polos, and the other two 
are four-nucleate, each having two nuclei at the two ends, of the two nuclei at the 
lower end m each of the said four nucleate embryo sacs, one has developed a cyto¬ 
plasmic membrane forming an antipodal-like cell and the other remains free The 
two ombryo-saus in the chalazal portion are tyjiically four-nucloato 

Integumentary tapetum — Tho most spc>cialisod part of the integument is the 
formation of a jacket of cells around tho lower portion of the embryo-sac The 
earliest indication of these tapotal cells, is the differentiation (of 1-2 layers m 
Anxaomeles and 2 3 layers in Leonvrvs) of the innermost cells of the integument, 
when the megaspore mother cell is in the meiotic prophase These cells become richer 
m plasma winch take up more stain than the surrounding colls In Anxsomeles, 
the cells of this innermost layer become long and narrow at the dyad stage of the 
megospore mother cell duo to pcnclmal division and radial elongation of these cells 
(Fig 37) The final form of tho tapidum is attained at tho four-nucleate stage 
when the cells of the innermost layer become longer, the nuclei havmg a flattened 
and lobecl appearance, the colls of the next one or two layers do not differ in shape 
from tlie other colls of mtogumont, but they n mam deeply stained and also seem to 
function like the innermost layer At this stage tho nucellus is destroyed and the 
integument lies in direct contact with the wall of tho ombryo-sac 

In Leonurus, tho colls of both the layers become flattened at the tetrad stage 
and divide anticlmally to form throe to four layers which extend beyond tho nuoollar 
tip (Fig 24) In the mature foiir-mn leate stage of tho embryo sac the tapotal 
layers become fully differentiated investing tho originally jacket!^ narrow chalazal 
portion (Fig 28) 

In botii the cases a largo mass of tho integument tissue is disorganised due to 
the growth of tho embryo-sac as mentioned earlier Naturally, the upper part of 
the integument does not got tho opportunity to organise a tapetal covering, though 
it has got the potentiality, as indicated by the tapetal nature of the inner cells of the 
mtegument above the nucellar tip before the extension of the micropylar part of tho 
embryo-sac It will be pointed out later that this part of the mtegument becomes 
the host, not only of the ombryo-sac, but also of tho micropylar haustonum which 
18 organiBod by the endosperm 

Fertxlxsatxon —The stages of fertihsation have been observed m both the species 
exammed Smeo pollen tubes have been soon to travel along the obturator tho 
function of the latter seems to direct the pollen tube towards the mioropyle as 
suggested by Narasimha Murthy (1949) who dso detected it in species of Ocxmum 

In both the species tho pollen tube has been found to pass through one of the 
synergids and discharge its contents into it Consequently, the synergids in 
question become dense black in colour as evident from their hooked structure. 
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shown m the figures 47, 48 and 36 Fig 47 also illustrates (in Amsomeks) the two 
n^le nuclei which are somewhat elongated and the tube nucleus at the base of the 
affected synergid At the same time the polar nuclei are seen to bo adpreased 
to each other as a preLminary to fusion It has been obseived in Amsomelfg that 
betoro polar fusion both the nuclei migrate a little below the mouth of the chalazal 
portion of the embryo-sac, and it is in a deeper region of tho latter that triple Tusion 



occurs, the polar nuclei fusing along with the second male nucleus (Fig 48) It 
has also been found in this species that double fertilisation preccdi's syngamy as 
illustrated in tho above figure Jt will be seen that the first male nucleus has not 
yet reached tho egg, though the second one is m a state of fusion This also suggests 
the possibility that the male nucleus which is seen at the lowermost portion of the 
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black synergid (Fig 47) travels down quiokly and unites with the fusing polar 
nuclei before the other male nucleus could reach the egg Such of ooouirenoe 

was claimed by Guignard (1901) in Zea and Thomas (1900) m CalMS^Fig 36 shows 
in LeonuruH that the vermiform male nucleus is adpressed to the egg The tube 
nucleus is soon at the cut end of a synergid which has been affected by the pollen 
tube ” 

Development of the Endosperm and Endosperm-Haustona —^The endosperm 
formation is of the cellular type m both the species studied and the first division 
results in a partition of the embryo sac into two ohambers The directions of the 
wall formation in the few primary divisions are choraotenstio and of systematic 
value Tho later developmental stages of endosperm have been found to be charao- 
tenstio of the two species Sinco those primary and later stages of development 
vary in the two spocies, the accounts aro given separately A comparative study 
is deferred for the jirosent 

AntaomeUa tndicn —Tho first division of the secondary endosperm nucleus is 
accompanied by a transverse wall by which the embryo-sac is divided mto two 
compartments—a smaller chalaAal chamber, and a large mioropylar chamber which 
includes the upper half of the narrow ohalazal portion and the whole of the wide 
micropylar portion (Fig 49) According to the nature of tho second division the 
development may be Gassified into two types viz . Type I Both the cells divide 
by a longitudinal wall (Fig 51) This appears to bo the doramatmg type Type II 
Only tho upper cell divides by a longitudinal wall, tho lower lieooming a bmuoleate 
structure without any wall formation (Fig 60 shows the binucleato lower cell, the 
upiior being still undivided) Tho wall separating tho two upper cells is m either 
type extended upwards and completely separates them The umnucleate two-celled 
or bmuoleate umoellular structure resulting from a division m tho lower cell does not 
undergo any further division but directly becomes metamorphosed into a haustormm 
which 18 recognisable by the gradual intensity of stain taken up during the suooeeding 
stages, as also by tho slight increase in length 

In the two uppei colls which result from the second division, the nuclei again 
divide, the cell walls being laid down transversely Three rows of cells are thus 
formed, each row being composed of two longitudinal colls The upper cells consist 
of the whole micropylar part plus a iiortion of tho ohalazal part of the embryo-sao 
(i^g 52) 

In these three tiers of ci 11s tlio nuclei in the upper two tiers divide almost simul¬ 
taneously with their spindles oriented more or less longitudinally the walls being 
laid down transversely The spindles in the upper tier are oriented at tho mouth 
of the ohalazal portion so that tho walls are laid down here, the result being the 
complete separation of the upper and lower portions of the embryo-sao by cell- 
partitions (Figs 63, 64) This separation has got a physiological sigmfioance because, 
generally, as a result of a transverse division of the two cells contained in the mioro¬ 
pylar part, a four-celled micropylar haustorium is formed (Fig 56) Thus the whole 
mioropylar portion is devoted to the formation of a cellular haustorium 

The majority of the endosperm tissue is derived from the middle tier of the three 
rows of colls represented in Fig 62 It should be noted m this connection that due 
to tho nature of division of tho uppermost tier dosoribed before, a part of the endo* 
sperm is contributed by the latter Tlus point bears some significance which will 
be discussed elsewhere [vide p 208) 

Deviations from the usual developmental stages as described above have been 
detected in a fairly large number of preparations Pig 66 illustrates a fairly advanced 
stage of tho seed in which there are two long haustorial cells at the mioropylar portion. 
This appears to have resulted by direct transformation of tho two upper cells m 
Fig 64 into tho haustorial structure 

Again it has been found that of the four cells, which generally result m a four- 
celled haustorium, three are in a dividing state (Fig 86) An eight-celled haustorium 
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represented m Fig 61 seems to have been derived from such a oonflgnration provided 
all the four completed divisions Even in a four-oellod haustoimjm. there may bo 
considerable variations in structure Fig 60 shows four cells artanged peculiarly 
in three layers In the uppermost layer there is one" cell with a cup-like upper 
portion and a narrow base, in the next layer there are two long cells lymg side by 
side the right one having a long beak-like process below, a pear-shaped oell hes in 
the lowermost layer Fig 66 illustrates a four celled haustorium, in which the 
upper two cells have grown vigorously with much larger nuclei and apparently 
they are the most active, the other two cells having been suppressed, as it were, by 
the two larger ones An intermediate stage between a normal haustorium in which 
all the cells aie equally ai tivo, and the stag! described above may be seen in Fig 69, 
whore the colls are rel.itivdy unequal in size In Fig 68 one finds a binucleate 
upper haustorial cell which must have resulted from free nuclear division of one cell 

In one instance, a ten-celled haustorium has been detected in which there are 
intergrading forms of f ells in sire and contents It is, however, difficult to demarcate 
in this case as well as in many others the ‘ haustorial’ and the endosperm cells proper, 
because the haustorial cells also gradually merge into the endosperm cells in size 
and staining capacity A consideration of this feature is postponed for a later 
discussion {vtde para 6, p 206) 

The active micropylar haustorial cells m general have got hypertrophiod nuclei 
with conspicuous niu leoli, and the cytoplasm is also very highly staimng In these 
nuclei, dark staining bodies are present (Fig 66) 

The chalazal haustoriun^ functions m the early stages of endosperm formation 
and it attains its maximum development when the endosperm is only a few oell layers 
at its maximum thuknosa It is broader m the upper portion and gradually tapers 
downwards It (longatcs to a certain extent towards the vascular trace and sends 
in sucker-like haustorial branches into the colls below which appear empty in contrast 
to the surrounding rich cells of the vascular trace (Fig 67) 

As deviations from the normal two-cellcd, or the less occurring binucleate 
ohalazal haustorium, a throe nucleate two-ooUod chalazal haustorium (one of the 
oelJs being binucleate) and an absolutely uninucleate ohalazal haustorium were 
noticed as rare cases (Figs 64, 57) 

The ohalazal haustorium begins to degenerate when the micropylar haustorium 
has just started its activity Gradually the whole haustorium dismtegratos leaving 
a large cavity bordered by the endosperm cells At this time the latter become 
very rich in plasma and have larger nuclei They assume the role of an absorptive 
organ deriving the food materials absorbed already by the ohalazal haustorial cells 

As has been mentioned before, the real endosperm tissue develops from the 
middle tier and partly from the upper tier of the throo-tiered stage The bulk of 
the endosperm is, however, produced from the middle tier by repeated divisions 
which are longitudinal in earlier stages, but transverse in the advanced stages The 
growing tissue thus becomes massive, and it mcroasos in surface ohieily at the lower 
region, so that in a fairly advanced stage the endosperm becomes somewhat pear- 
shaped m appearance With the growth of the endosperm, the innermost tapetal 
layers which were most prominent in the form of a nutritive jacket of the developing 
gametophyto, persist for some time though they do not appear to bo conspicuous 
The cells gradually become more and more isodiamotrio due to the stretching of the 
growing endosperm and they are not differentially stained as seen in the earlier 
stages When the globular form of the embryo is reached, the tapetal layers begm 
to be crushed by the endosperm tissue Along with this the destruction of the in¬ 
tegumentary tissue also begms The nuclei in those cells degenerate, the cells become 
loose, and the walls also disorganise gradually When the cotyledonary lobes of 
the embryo are just differentiated, the integument becomes greatly disorganised, 
large cavities appear in the tissue, and omy dismtograting loose cell walls are 
present. 
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With the growth of the endosperm tissue as well as that of the mioropylar 
haustorium, a constriction is produced at the junction of the latter and the endosperm 
This is evidently duo to the longitudinal stretchmg growth of the endosperm and the 
haustonum pan paaau with the growth of the ovule as a whole 

It 18 interesting to note that when tho micropylar haustonum has reached the 
maximum development, the endosperm cells bordering the latter at the constricted 
region become very large with rich contents and larger nuclei They evidently 
resemble the micropylar haustorial cells of the earlier stages It also appears that 
these have an absorbing and conducting function n sombling those that hav e been 
observed at the ehalazal end bordering tho ilisintogratod haustorium 

The growth of the endosperm tissue is not uniform It extends unilaterally 
on one side of the ehalazal end of tho ovule (Pig 62) As a response to this the 
ovule also begins to grow on that side as a knob like protuberance (Pig 63) Con¬ 
sequently, the rounded shape of tho ovulo beiomos angular giving a different appear¬ 
ance altogether The growth of the ovule at tho ihala/al end is thus limited and 
it 18 pushed at one side at a later stage when the endosperm has extended considerably 
(Pig 64) 

It will be noted from what has boon said above that the form of the mature 
seed 18 not a consequence of an uniform enlargement ot the ovule but it is the result 
of an unilateral growth initiated at the resjionsc of the growing endosjHirm m a 
particular direction This feature is of importanic in compniing the developmental 
stages of the seed m this species with tliose met m other membcis of this family, 
BO far studied 

Leonurus a%bincv3 —Considerable difiii iilty was experienced to follow tho deve¬ 
lopmental stages due to the peouhar orientation of the chnla/al portion of the 
embryo-sac (wherein the endosperm tissue develops) The deeply staining nature 
of the cells in the primary stages, and the further curving ot the ehalazal region 
which gradually approximates the micropylar < avity in later stages maki s tho study 
difficult In fact Junell (1937) has admitted lu studying Stderih^ and Phywategxa, 
the genera resembhng Leonurus in structural complexities that ho could not study 
the developmental stages due to some of those impediments and he has described 
only a few mature stages of endosperm of Leonurus airdwca without any illustration 
He does not throw any light on the early developmental stages of endosperm in 
Sidentis, Physoategta and Notochaete which can provide any basis for comparison 
with Leonurus In tho present investigation, however, all tho details have been 
worked out which present on critical examination an immense amount of variation 
14 structural and developmental sequences 

Considering as a whole the development corresponds to two major typos and tho 
first tyjie can again be conveniently divided into two sub-types Besides, other 
variations have also been described below, indicating tho probable stages in the 
major types and sub-types from which they might have been derived 

In all the types the first division of secondary endosjierm nucleus is always 
followed by a transverse wall dividing tho embryo-sac into a smaller chamber towards 
the ehalazal end and a larger chamber consisting of the rest of tho upper ehalazal 
portion as well as the micropylar sub-division of tho embryo-sac (Tfig 68) The 
mam criterion for distmguishing the two typos is the nature of the second division 
m the upper chamber as to whether it is followed by longitudinal or transverse walls 
The descriptions of the different types and sub typos are, however, extended up to 
the stages m which the micropylar haustorial apparatus is imtiated 

Type I. —The upper chamber divides by a longitudmal wall at right angles to 
the transverse wall already laid down at tho first division This longitudinal wall 
does not divide the upper chamber ooi^letcly os in AnxaomeUs but it extends only 
to tho mouth of the ehalazal pdrtion (Figs 69, 73) The criterion for separating 
the first two sub-types under tho relevant type (Type I) is the orientation of this 
longitudinal wall, i 0 , whether the plane of the latter is at right angles to the plane 
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6S-84 LeotiuriM ntbtrieus Various stagos in tho dovelopment of endosperm and haus 
tuna Only i halazal portion of the embryo sac la shown m all fi^ea (exceptmg Kig 60 
ami J<ig 74), Hiiiue the endosperm develops m this region Only outlines of cells and 
nuclei repreMcnUxl Figs 60-72 —Stages of the sub type A of type I Figs 73 78, 77 — 
Stages of th< sub typo B of type I Figs 76, 78-70 —Stages of type 11 Figs 80-84 — 
Abnormal eoufigurations of the ondoeperm representing mixed typos of development 
All figures excepting Figs 69 and 74 are diown at a roagmflcation of X 280, Figs 69 
and 74 x 180 Bee text for details 
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of the section or not There can be no ambiguity in utilismg this criterion because 
it IB in a single plane of the ovule that we can see the structures of the developing 
endosperm in its proper perspective 

Sub-type A —In this sub type, the plane of the loiigitucbnal wall is at right 
angles to the plane of the section and therefore this wall is visible (Fig 69) The 
nucleus of the lower chamber divides once without the formation of a cell wall 
As will be pointed out later, the two resulting nuclei do not divide any moio but the 
whole chamber is directly transformed into a bmucloate chalazal haustorium which 
gradually grows m size 

The longitudinal cells produced at the second division in the upper chamber 
divide agam, almost simultaneously, followed by transverse partitions (Fig 70) 
Thus throe tiers of cells are produced in which the two upper tiers consist of two 
cells each and a lowermost tier composed of a binuclcato coll The cells of the 
middle tier divide longitudinally (Fig 71), hut those of tho uppermost result in the 
formation of four nuclei tho two upper nuclei being separated by transverse walls 
laid down at tho mouth of the chalazal oiKuiing (Fig 72) (cf Fig 54 in Amso- 
melea) These two upper nuclei are tho primary haustorial nuclei which are thiown 
into the micropylar cavity to form a multmucloato haustorium bj rapid divisions 

Sub-type B —The longitudinal wall of the hoioikI division is oniuted %n the 
plane of the section so that one can see two nuclei m dilForent foci representing tho 
two cells (Fig 73) The chalazal haustorium is orgamsed from tho lowei chamber 
as in the first sub-type Tho (X'lls of the upper chamber divide transveisoly giving 
rise to four cells and the whole thing results in a three tiered endosiierm corresponding 
to Fig 70, m the sub-type‘A’(Fig 74) All tho four nuclei divide simultaneously 
(Fig 76), but the result is somewhat different from the first suti tyjie Hero tho 
two cells of tho middle tier divide transversely instead of longitudinally as in sub- 
type ’A’ Fig 77 shows a little later stage wheio the lower cc'll resulting from tho 
transverse division of one of tho cells in tho middle tier has again divided longi 
tudinally Tho two cells of tho upper tier also divide transversely followed by 
walls so that two free nuclei are separated out in the micropylar portion of the 
embryo-sac 

It is now clear that in both the sub-types, the cells of the upper tier of tho 
three tiered stage of the endosperm do not beiome directly loiivertod into tho 
micropylar haustorium but they divide agam, and a part of the endosperm which 
lies at the constricted portion of the embryo-sac is derived from this tier, the other 
part being converted mto a free nucleate haustorium 

Type II —In the typo under consideration, afU<r the hist transverse division 
tho spmdle in tho upper chamber is oriented longitudmally so that it necessarily 
results in a transverse division (Fig 76) A three tiorod stage homologous to that 
of the first type is formed the difference being that in this tyjie tho two upper tiers 
are composed of one cell each The lowermost coll is, however, bmuch ate as in the 
previous typo Fig 78 shows a little advanced stage than this, in wiin h tho middle 
cell (tier) has divided longitudinally In Fig 79 again, one observes that the middle 
cell has divided by a dome shajied oblique wall, whereas the niu leus of the uppermost 
coll IS m a state of division in the longitudinal direction (i o it will result in a trans¬ 
verse division) Though this type could not bo followed to the end the few stages 
clearly establish a different typo of endosperm development It is probable that 
the nucleus which 18 in a state of division (Fig 79) sets free a nucleus in the micropylar 
oavnty to develop mto the haustorium This is also supiwrted by some of the 
peouhar configurations described below (Figs 82-84) 

In one instance, of the two longitudinal cells of the middle tier m tho three-tiered 
stage of the first sub-typo ‘A’ one cell has divided longitudinally and tho other 
transversely (Ihg. 80) This may be regarded os an mtermediato foim between the 
first two sub-types, smoe here we find both longitudmol and transverse divisions of 
the middle tier. Fig 81 shows another ease which is essentially a denvativo of the 
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second sub-type and which possesses the oharaotenstics of the variations of the first 
sub-type just described above Here in the middle tier (of one of the longi¬ 

tudinal supenmposmg colls has divided longitudinally while thither has divided 
transversely The divisions of the uppermost tier have taken place as usual (cf 
Fig 77) the only difference being that the lower two colls are seen to bo separated 
by an oblique wall In the lowermost tier, however, one finds a two-celled ohalazal 
haustonum and this ft ature is to be noted as an exception A similar two-ceUed 
chalazal haustonum has been noted in another instance 

Two more abnormal cases have been observed, the essential feature of which 
IS that the soquoncc of divisions follows the first type in the primary stages, but 
later shows the second type of development Fig 82 shows that the two cells of 
the middle tier are separated by an oblique longitudinal wall which is transverse 
in effect, that is, one of the colls is blocked by the other, this is probably an aberrant 
form of the stage ri jiresoiitod in Fig 69 whore the spindle was a httlo oblique In 
the iipjieimost chambir one finds tliroo superimposed cells which have alnimt 
completed divisions Those thnw cells must have been produced by the cell derived 
from the transverse division of the upper cell of the middle tier 

Figs HH and 84 illustrate cases which can be explained as follows After the 
second division as in Fig (>9 the coll away from the ‘primitive endosperm lobe’ has 
divided longitudinally ‘Z ’ while the cell on the side of the latter has divided obhquely 
to pioduco two colls 'X’ and ‘Y’ of which ‘Y’ produced a senes of transversely 
orient! d colls ultimately sotting free a nucleus at the mieropylar cavity, which by 
free nuclear division has organised the two primary haustonal nuclei In Fig 84 
the cell ‘X’ has been shown to divide longitudinally after the obhque transverse 
division 

Examination ot later stages of tho endosperm development shows that sub¬ 
typo ‘A’ of the first type is the predominant typo though the other typos also occur 
in sufficiently largo number oi cases to warrant their generalisation 'The ultimate 
result in all tlie dev r ]oi»mental ty pes is tho same, vi/ , tho formation of a multinuoleate 
mieropylar haustonum from the free nuclei sot out by the endosperm cells, a 
binucloatc < halazal haustonum which is also endospormous m origin, and a central 
endosperm tissue Exceptional cases of two-celled chalazal haustonum havo already 
been desciibed 

The mtcropyUir and chalazal kaustorm —The large mieropylar cavity of the 
original mature cnibryo-sac becomes converted m a haustonum with free nuclei 
embedded in it Tho one or two nuclei originally produced by tho endosperm as 
the primary' haustonal nuclei rapidly multiply by division The number of nuclei 
actually pioduced is found to bo variable Only six large nuclei havo been found 
in a fairly mature haustonum, whereas twelve nuclei ooour in a young haustonum 
As many as sixteen nuclei are present m a few oases (Fig 88), though other numbers 
like eight and ton arc also common On examining a large number of mature 
haustona twelve seems to bo tho most general number (Figs 89-91) It may be re¬ 
called tliat m Leonurua cardtaca Billings (1909) claimed tho number to be four to 
SIX, whdo .luncll (1937) counted eight and sixteen m two oases of the same species 

The mieropylar haustonum begins to enlarge laterally destroying the mtegu- 
mental tissue with th<< simultaneous increase in size of the ovule which also grows 
vigorously When tho endosjierm has grown to the size of the mieropylar hausto- 
rium (Fig 88) a constriction is produced at tho junction of the two JunoU (1937) 
refers to this constricted portion in Leonurua cardtaca as a long oonal But so far 
as this species is oonceinod it oamiot be described os a long canal as is found m 
other genera like Stachya (Schnarf 1017), Stderiha, MoluceUa (Junell, 1937) etc * 
However, the length of the constriction is not maintamod long as tho growing 
endosperm gradually pushes tho mieropylar chamber which also begins to enlarge 


Unfortunately Junell has not illustrated any figure of Ltonurva cardtaca. 




Fio8 8A-02 Leonunis sibtnous Later etagea in the development of endosperm and liaustoria 
Figs 85 SB—Endosperm tiMuejiutoxtenduig along'prunitive endosperm lobe’ Oospore 
entering mto endosperm Z—^Oospore x 180 Fig 87—Young stage of the developing 

hauitoria, endosperm and oospore XlIO Fig 88—'Later stage with 16 nucl^te 
raieropylar haustonum, x70. Fig 80—tStill later stage showing (^generating chalazrl 
haustonum, massive endosperm and embryo and active micropylar haostoriiun (12 
nucleate) x 88 Fig 60 —Rather immature 12 nucleate micropylar haustonum 
Kote persistent suspensor tube with smaller nuclei Xll6 Fig 91.—^Mature micropylar 
haustorium. XllO Fig 92 —Chalaxal liaustorium xlSO 
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at tho basal portion laterally (Pig 89) Measurements show th ^ th is is 209^ long 
and 104/i broad at tho mature embryo-sac condition, whereas aWIW mature haus- 
torium stage it becomes 182^ broad at the basal region, the length becoming reduced 
to 143^ (Pig 89) Thus the change in shape is effected by the increase in size laterally 
and the simultaneous pushing of tho basal portion by tho growing endosperm 

Tho nuclei in tho micropylar haustoria enlarge enormously and become 26/i- 
33 8/1 long and 14 4/i-20 8/i broad in the mature stages They are elhptioal or ovoid 
in shape as m Antsomeles The cytoplasm also becomes dense and takes up so much 
stain that it becomes often difficult to make out the outline of tho nuclei 

After settmg free tho primary haustorial nuclei m micropylar cavity the endo¬ 
sperm begins to grow in bulk mainly along the ‘primitive endosperm lobe ’ bulging 
out, as it were, in the direction just opposite and almost in the same lino with tho 
micropylar cavity It extends both laterally os well os longitudinally, the growth 
being restricted to a particular direction already determmed by tho ‘primitive 
endosperm lobe’ The ohala'/al region of the endosperm with its haustormm is 
pushed to one side approximatmg gradually tho micropylar cavity (Pigs 85-89) 

The chalazal haustormm begins to function durmg the early stages of endosperm 
w htui the mu ropylar hauatorium is still in the process of differentiation It reaches 
its maximum development when the endosperm has grown considerably, the embryo 
has become a globular mass, and the micropylar haustonum has just started funo- 
tiomng Tho nuclei of tho haustonum become hypertrophied being os large as 
those attained later by the micropylar haustorial nuclei The cytoplasm is also 
marked by its rich contents (Pig 92) It is notable m this connection that during 
its development tho chalazal haustonum is drawn partly into the endosperm 
evidently duo to the strotihirig of this part along with the extension of the endo¬ 
sperm Homo portion, however, remains outside the endosperm area to connect 
tho vascular trace fiom which tho food matters are transported (Pigs 88, 89) 

The fate of the mtegumcntal tapetum is somewhat different from the oorre- 
spondmg stage m Amsotruks Tho jacket portion surrounding the ‘primitive endo¬ 
sperm lobe’ 18 immediately destroyed as tho endosperm grows m this particular 
direction breaking through the tapetum, as it were Their identity is altogether 
lost except at tho constricted region, tho most conservative part of the integument, 
whore least growth either of tho ondosporm or of tho mtegumont takes place The 
mdividuahty of the other side of the jacket is retained for a short time but this also 
gives way with the progressive pushmg of the chalazal region which is brought 
close to tho micropjlar cavity at tho mature stages Tho tapotal colls at tho oon- 
stricted portion is disorgams^ only when the endosperm progresses m this upward 
direction at a rather advanced stage 

The disorganisation of tho mtegumont tissue is apparent when the embryo 
attains a massive globular structure It is hrst visible in the form of cavities at tho 
lower region bordering tho growing endosperm tissue Gradually other cells also 
become loose with their nuclei showing signs 6f disintegration It is interesting to 
note that the same thing happens simultaneously to the endosperm cells bordering 
the embryo (Pig 89) 

An interestmg case of tho endosperm has been observed where all the oells 
are multmucleate with very dense cytoplasm and prominent nuclei just like a mature 
haustonum The embryo appears unusually vacuolated and disfigured and the 
integument is much more alveolated Tho whole structure is m striking contrast 
to the normal cases where tho endosperm is active only at the region bordering the 
mtegumont and disorganised at the portion surrounded by the endosperm 

The further growth of the endosperm tissue m the upward direction gradually 
begins to obliterate the micropylar iiaustorial region which reaches its final form 
vhen the cotyledons have differentiated distmotively Tho haustonum is almost 
completely effaced as the embryo assumes nearly its full size Section of a very 
mature embryo shows only one or two layers of the integument at the two extremities 
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of the embryo and it is probably completely destroyed at a time when the seed falls 
off A few layers of endosperm are also seen at this stage filled with deeply stamed 
reserve matters which indicate that some amount of endosperm persist in the 
mature seed 

Development of the Embryo —A considerable time elapses between the first 
division of the secondary endosperm nucleus and the first division of the oospore 
In fact the latter process takes place when a fair amount of endosperm tissue is 
formed The oospore elongates extensively as a single cell forming a long tubular 
structure It traverses the whole micropylar cavity m this condition and enters 
the summit of the endosperm tissue at the mouth of the ohalazal portion of the 
embryo-sac (Figs 69, 74, 86, 86 m LeonuruA, Figs 61-56 m Anxsomeles) The 
greater length of the microjiylar portion in Leonurus necessitates an equally long 
tube to pass through, and < onsequently this structure is much longer than that of 
Amsomelea where the micropylar portion is relatively shorter The entrance of the 
oospore into the endosperm is very mtere'.ting in Leonurus where it has been found 
to break through the wall of one of the two endosperm cells lying at the constricted 
region of the embryo-sac and pass into the endosperm tissue destroying immediately 
the cell in question (Fig 80) The process reminds one of the entrance of the pollen 
tube through a synergid Even after I'liteung the endosperm tissue it does not 
divide, but still goes deeper, taking a more or less central position in the endosperm 
mass (Fig 87) 

The details of the development of the embryo have been followed in Leonurua 
a%h%r%cua and therefore the following account refers to that species only 

The first division of the oospore is loliowod by a transverse wall forming a two- 
oelled pro embryo Both the apical and basal cells now divide, the former longi¬ 
tudinally and the latter transversely, proilucing a tetrad pro-embryo (Fig 93) The 
two juxtaposed cells at the apex then divide almost simultaneously (Fig 96), or one 
before the other (Fig 94) by two v» rtioal walls giving rise to a quadrant embryo at 
the tip (Fig 96) Just after this, the four cells of the latter divide periohnally to form 
four long outer cells and four innei cells, and not transversely as in most other 
angiosperms (Fig 97) The dermatogon is thus differentiated with the formation 
of the octant embryo, whore all the cells are arranged in linear files insti ad of being 
formed mto transverse layers An abnormal configuration illustrated in Fig 98 
indicates that transverse division of the colls of the ijuadrant embryo may also be 
initiated In fact this stage reprosonts an intermediate form between the two 
types An exactly similar aberrant pro-embryo has been found by Soueges (1921) 
m Qkchoma hederacea 

The division of the basal cells of the tetrad pro-ombryo is imtiated simultaneously 
with those of the apical i oUs The formation of colls d and / by the division of the 
middle coll of the tetrad pro-embryo is completed before the quadrant embiyo is 
devploped (Figs 94, 95) after which the lower cell c» divides transversely to form two 
cells n and n', the upper cell n again divides to form two transverse cells n" and 
(Figs 97, 98) Those divisions also take place before the octant embrvo is formed 
The basal cell of the pro-ombryo therefore gives rise to five cells viz d,f, n'", n" and 
n' It must be noted m this connection that the product® of the cell n (i e the cells 
d and/) are generally unequal, the uppei coll d being smaller than the lower cell/ 
The apparently very small size of the cell d represent^ in Fig 97 is perhapo due to 
a curving of the pro-embryo at that region, which is also mdicated in the later stages 
Moreover, the partition between these two cells may also be obhquely oriented, 
being^inserted at one end of the horizontal wall of an octant cell (Figs 98, 103) 

The senes of divisions (mostly transverse) which follow after the separation 
of the dermatogen layer both pi the latter as well as in the four axial cells results in 
the differentiation of the different parts destmed to be formed m the mature embryo 
Figs 09-102 illustrate a bttle later stages where further tangential and transverse 
divisions of the inner cells have taken place. These figures show the differentiation 




Fios 03 112 Leonurus Biinrxcus Stages of the development of tho embryo Figs 03-96 — 
Pro-embryo Fig. 07 —Feriolmt>l division of all the quadrant cells (g) m Fig 66 has resulted 
in four outer dermutogen cells (1, 2, 3, 4) and four inner axial cells Fig 08 —Abnormal 
octant stage showing both transverse and tangential divisions Figs 00 100 —Showing differ 
entiations of the histogens of the embryo I —stem tip and cotyledons 1 1'—Iwpocotyl F’lga.IOl, 
108 —^Differentiation of penblem (pr) and plerome (pJ) Figs 103-106 —Diverse mode qf wall 
formation at the hypocotyl region Fig 106.—Showing the products of hypophysis cell, 
pr —penblem, pi —plerome Fig lOO —Completion of root-oap by tangential divisions of the 
dermatogen cells of the hypocotyl Figs. 110-112.—^Abnormalities Figs 03-106 and 112 — 
X4U0 Figs 106-108 and IIOIII.—x260 Fig 109.—xl86 BA»Root-apex. BC-> 
Root-tep. For details see'text 
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of the three hietogens in different developing stages Fig 101 shows that the inner 
octant cells which have produced two transverse layers of cells have again divided 
tangentially to give rise to a layer of periblem (pr) on each side below the denuatogen 
and two mner layers of plerome (pi) The demarcations of the different parts of the 
pro-embryo are also clear The apical row of cells (1) m Fig 101 constitutes the 
cotyledon and stem apoK, while the lower layer (1') represents the hypoootylar 
region 

The differentiation of the hypophysis whuh also takes place simultaneously 
with the distinct separation of the layers I and I' does not foUow any strict rule 
with regard to the corresponding stages of advancement of the hypoootylar tissue 
All the Figs 90—103 show that the coll d has divided into two apparently unequal 
cells, either by a straight horizontal wall or by a curved wall thus clearly establishing 
its hypophysial nature by insertmg the wall on the dermatogon cells of the hypo- 
eotyl Fig 103 ilMfstrates a case where an oblique wall has been laid after the 
division of the coll d, one end of the wall being iiisorted on the peripheral membrane 
of the pro-embryo, as has been reported by iSoueges (1921) in Mentha vindis The 
separating wall may oven he entirely on the proembryonal membrane (Fig 104, 
whore both the cells have agam undergone vertical anil oblique divisions respectively), 
the lower cell from d actually forming a part of the suspensor thus extending the 
differentiation of the hypophysis to a later stage Soueges (1921) expected such a 
sequence m Mentha and Ohchormt but could not ai tually detect any such case The 
upper cell of the proflucts of d appears narrow (Figs 99-102) possibly because of the 
curving of the embryo at this region as already suggested 

The first horizontal walls appear m the layer V after the differentiation of the 
two cells of periblem on two sides and two colls of plerome at the centre (Fig 99) 
When the cotyledonary lobes have just differentiated there appear two layers of 
periblem and two layers of plerome on each side of the hypoootylar axis just below 
the hypophysial derivatives (Fig 10b) Tho outermost layer of the plerome cells 
IS the pericyole 

An interesting case of a poricbnal division of a dermatogen coll to add to tho 
periblem of the layer I has been observed (Fig 100) This is signihoant in that it 
may contribute to a precocious differentiation of the root cap 

Tho contributions of the hypophysis to the embryo is the next important con¬ 
sideration Both the cells derived from d usually divide vertically produouig a 
tetrad hypophysis (Figs 101, 102, 106) but tho lower may exceptionally segment 
transversely addmg to the suspensor filament (Fig 99) The two lower cells of the 
tetrad hypophysis divide tangentially to produce four cells which give nse to the 
median portion of the root-cap by further vertical divisions (Figs 106-7, RC) The 
two upper cells derived from d contribute to tho root apex by continuing vertical 
divisions (Figs 106-8, RA) or both by vertical and transverse divisions (Fig 109, RA) 
In tho upper portion of the root on the two sides tho two root cap layers are 
joined by the tangential divisions of tho dermatogen pertaining to tho hypocotyl 
where it extends to a certam distance (Figs 108-9) 

Several irregular configurations of cells of the hypophjsial region have also 
been noticed as illustrated m Figs 110-112 It is interesting to note that Soueges 
(1921) has also observed similar abnormalities As stated by him it is impossible 
to trace the sequence of divisions which lead to these configurations 

Discussion 

A Development of the ovule and tntegumenie —Working on Labiatae Sohnarf 
(1917) and Junell (1937) have generahsed their opinion regarding the nature of the 
ovule which they consider as •anatropous But the course of curvature of the ovule 
m Leonwrua stfortctis shows that though in tho primary stages (up to the formation 
of the tetrad of megaspores) tho ovule curves along the fiimole, which is the feature 
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of anatropous fornui, it begins to bend along the body of the ovule m the later stage 
Due to tins the micropyle forms a long curve and consequently th^Jiature embryo- 
sac presents a shape m which the longitudinal axis of the latter il otrved along a 
definite angle It is therefore obvious that the ovule in Leonurus cannot be strictly 
described as anatropous, and a semi-fampylotropous form would be the proper 
designation 

An interesting feature of the ovule is the development of a massive obturator 
The presence of an obturator has been reported in this famdy by Narasimha Murthy 
(1940) m Oc»»i«wi species, Ruttle (1931-32) in Mentha and Lycopus and Bushnell 
(1936o) in Monarda species According to Bushnell it is absent in Nepeta catarw. 
and the sketches of Sharp (1911) and Junoll (1937) indicate that it is absent in most 
of the genera studied by them except in Hormiumpyrenatcum (Junell, 1937) Thus 
it appears that this struotiu'e is not universally present in tins family The presence 
of pollen tube along the obturator suggests that the latter acts as a guide to the 
pollen tube The occurrence of the obturator therefore indicates a special adaptive 
feature taken up by genera of diverse afhnities, and cannot be attributed to a pro¬ 
gressive evolutionary lino in this famdy 

B Development of the megaspores anrl the female gametophyte —The degenera¬ 
tion of the upper three megaspores of a linear tetrad from below upwards observed 
m both the species studied is a unique feature m contradistinction to the most 
general condition of degeneration from above downwards as observed by Junell 
(1937) in several species of Labiates, Narasimha Murthy (1940) in Ocimvm species 
and Bushnell (1936o) in Monarda 

The degeneration of the non-functional megaspores and the nuoellus which 
starts more or loss at the two-niicleate stage of the embryo-sac m Leonurus and 
AntsomeUs (vide text) has also been observed by Junell (1937) m Pogostemon paL 
chouh, Hormium pyrenaxcum and Lavandula aptca In Leonurus the megaspores 
and in Antsomeles the nucellus completes degeneration only at the initiation of the 
four-nucleate stage Such a late degeneration of the megaspores and nuoellus seems 
to be characteristic of this family 

The shape of the mature embrvo-sac in different members of the Labiatae is 
worthy of consideration Schnarf (1917) lias already pointed out that in the majority 
of Labiatae with a few exceptions, the embryo-sac is differentiated into two parts,— 
‘a lower narrow part surrounded by epithelium and an upper broadened part whose 
surrounding is not epithelial’ Carlson and Stuart (1936), however, found out two 
distinct forms of female gametojihytes in the same genus Salvxa —a short form 
without a bounding epithelium in S splemlens, S leucarUha, S greggvt, distinguished 
as the S splendens type, and a long form with a bounding epithehum extending 
about two-thirds the length of the gametophyte m S mdhfera, 3 apxana, and 
3 colutnbanae —designate as the S melltfera type Junell (1937) added to some 
of the exceptions and stated that in TjoUemantia ibenca and Salvxa tilxifolxa, the 
distinction between the two parts is not possible It seems that the latter species 
would come under the S' splendens type of Carlson and Stuart (1936) 

From a comparative study of the form of ombryo-sac in Anxaomdes, Leonurus 
and those of other species described previously, two distinct types of gametophytes 
can be distinguished amongst those characterised by the presence of an epithehal 
jacket A nxsemxeks and Leonuru s represent each of the types respectively Leonurus 
agrees with the type of gametophyte where the upper micropylar part is very broad 
and long and the lower chalazal portion surrounded by the tapetal jacket is com¬ 
paratively much narrower and shorter This type is also illustrated by Sxderxtxs, 
Physostegxa, Notochaete, Plectranthes, etc AnxsomeUs on the other hand can be 
conventently grouped with the proposed second type of gametophyte where the 
micropylar part is comparatively shorter m length and the chalazal portion is not 
much narrow, and this form is exemplified by Hormxum, Pogostemon, Molxusedla, 
Lavandula, Zxzxphora, Perowskxa, Salvxa splendens, etc Other genera like Oexmum, 
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Hypltt, etc would then be intermediate m oharaeter It is to be noted further that 
in the two types thus distmguished the post-fertihsation developments agree m their 
general features 

The structure of the gametophyte as observed by Narasimha Murthy (1940) 
in Anxsomeha does not agree with my observations The present study reveals a 
perfectly rounded base and a long pomtod upper portion of the synorgids and this is 
moonsistent with Narasiipjia Murthy’s figure which shows a flattened base and a short 
upper portion The size and arrangement of the antipods is also at variance with 
the observations of the said author It will bo of interest to note m this eonneotion 
that Carlson and Stuart (1936) have found the antipodals to consist of nuclei m 
Salvxa speoios 

The disintegration of the antipodal (ells before fertilisation has also been noted 
by Sehnarf (1917) and Bushnell (1936a) Jnnell (1937) has referred to the antipodals 
in Labiatae ho studied as ‘inconspicuous’ but that is probably because ho found them 
m later stages when they generally degenerate Such ephemeral antipodals have 
been reported in diverse families, e g, Potamogetonaeoao, Rubiaceae, Solanaceae, 
Verbenaoeae, etc 

Sohnarf (1917) stated that fusion of polar nuclei before fertilisation is a charac¬ 
teristic of Labiatae, but as observed in Antaomelea, Junell (1937) also mentions tho 
occurrence of polar fusion at the time of fertilisation in Lyropua evropaexie and in 
certain species of Mentha, and he has also found indications of this condition in 
Pogoatemon patchouh So the general statement made by Sehnarf (1917) seems to 
be invalidated 

C Abnormalthea in the detelojment of inegaeporea and embryo-aac and related 
atrvctvrea —The occurrence of a number of cases of a multiple archesponum has 
already been described Sehnarf (1917) and Strasburger (quoted by Sohnarf) have 
noted tho presence of two arohosporial cells in OaUieopate pvheacena, and Lamttim 
respectively Junell (1937) has reported the presence of potential arohesponal 
cells in MolvceUa and Pogoatemon around tho base of tho developing megaspore 
mother cells as also m earber stages Multiple archesponum bos boon recorded in 
numerous other families, but its origin is a debatable question It may be derived 
from one arohesponal cell as indicated in Figs 21, 22 showing two superposed 
megaspore mother cells Alternatively, the multiple archesponum observed at such an 
early differentiation of the ovule as also the position of tho arohesponal cells (hypo- 
dermal and two sub-hypodermal layers) point to the possibility of their individual 
differentiation 

The formation of two megaspore mother cells, double and multiple tetrads 
some of which show all megaspores having a tendency to function have been recorded 
m the text The similar development of two megaspore mother cells has been 
observed by Junell (1937) in Pogoatenwn patchovh where he found in one instance 
two tetrads developing side by side Furthermore, in the later stages in Ijeonurua 
two to five embryo-sacs have been seen to develop side by side, one of them reaohing 
up to the eight-nucleate stage 

It IS therefore not very diflScult to explain the occurrence of double and multiple 
embryo-sacs It is very hkely that from the double and multiple archesponum the 
double megaspores are formed, the latter again resulting in the double tetrads 
(Fig 24A) out of which only tho two chalazal megaspores developed into the charac¬ 
teristic double embryo-sacs The multiple embrjm sacs can easily be contemplated 
to arise from the funotiomng of five of the megaspores of the tetrad complex m 
Pig 26, which possibly resulted from a double or multiple archesponum and mega- 
spore mother cells Unfortunately no preparation has been obtained which shows 
a degeneration or differentiation into typical mature embryo-sacs of one or more 
gametophytes of the double and multiple embrvo-sacs respectively However, it 
seems wat ultimately only one of these functions by the suppression of others, as 
such a tendency is indicated by the several instances in the double embryo-sacs 
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The occurrence of double and multiple embryo-sacs has been reported for a long 
time in a number of families Coulter and Chamberlain (lOOg ^sum marised com¬ 
prehensively the occurrence of such abnormal gametophytes in ai^fBIperms Hurst 
(1931) found two archesporial cells developing up to tetrad in Rosa and more 

than one embryo-sac m diploid and polyploid species of Rosa More recently Joshi 
and Venkateswarlu (1936) in Lawaonxa, and Bhaduri (1936) m Withamnia, Physalxs 
and Nycoiwna have recorded the occurrence of more t^an one ombryo-sao (see 
also Pun (1914) m Monnga oktfera) 

Compton (1912) in Lychnw albaxL Jloacocult and Woodworth (1930) m Alnus 
rugosa have attributed this occurrence of double and multiple embryo-sacs to the 
hybrid origin of the plants concerned The occurrence of the multiple embryo- 
sacs m families which are absolutely unrelated does not permit to make out phylo¬ 
genetic significance Only those cases where all the megaspores of the tetrad seem 
to function can be said to have analogy with the microspores 

The abnormal occurrence in Antsomelea of binucleato and tnnucleate cells in 
the chalazal and lateral region of the nucellus below the megaspore mother cell and 
subsequent stages needs consideration Bhaduri (1935) found a chalazal nuoellar 
tell to be binucleate m BrunfeUta 8mce ho found previously m Sohmum melongana 
a chalazal micellar coll functioning as a megospore mother cell up to the linear ttitrad 
stage, he concluded that in Brunjelata the binucleato chalazal cell, which has been 
followed up to the four-nucleate stage might represent a stage in ‘Lihum type’ of 
embryo sac development, ‘since no partition wall has been observed during the 
binucleato condition’ But such a conclusion seems to be untenable in the hght of 
the present investigation in Antaomeks, where a number of binucleato and trinucleato 
nucellar cells persist characteristically through tho different stages of development 
and ultimately the nuclei degenerate, and further m the abnormal dyad and tetrad 
stage the two epidermal nucellar cells at tho tip are binucleate, and m one of them, 
again, the nuclei are found to be in a fusing state (¥ig 49) 

Another feature of structural importance in the embryo-sac of Leonurua is the 
rounded chalazal portion (‘pr end I ’ in Fig 34) which I have called the 'pnmUwe 
endosperm hbe ’ The tormmology is based on the designation of a similar structure 
m Physostegta by Sharp (1011) who found a small protrusion of tho ombryo-sao at 
the same position which ho termed ‘endosperm lobe’ on tho ground that ‘it is soon 
to contam all the endosperm formed’ Sharp’s figure shows that the whole of the 
extremely narrow region including tho ‘endosperm lobe’ exceptmg the antipodal 
end contains the first formed endosperm cells * In Leonurua also this portion of 
the chalazal region of embryo-sac contains all the endosperm cells formed primarily, 
and the chalazal haustonum lies at tho extreme end of tho embryo-sac In fact 
the structural difference in tho two genera hes in a precocious enlargement of this 
portion in Physostegta In Leonurua the endosperm colls grow in tho same direction, 
and it 18 difficult to distmguish the structure in tho two genera at a little later 
stage It, therefore, seems justified to call the particular region of the embryo-sac 
of Leonurua as ‘primitive endosperm lobo’ which appears as a promment protrusion 
in the mature embryo-sacs of genera like Physostegta and Notochaete 

D Integumentary tapetum —^The occurrence of tapetal jacket of the int^- 
ment surroundmg the lower part of embryo-sac is almost imiversal m this fan^y 
except in a few species of Sdlvta (Carlson and Stuart, 1936) and LaUemantta tbenca 
(Junell 1937) It is present m the majority of the sympetalous famihes as a charao- 
teristio structure The restriction of the tapetal jacket to the lower portion of the 
embryo-sac is also a characteristic of the Labiates, but this is also found in several 
members of the Sorophulariaoeae, and Lentibulariaceae (Kausik, 1638} 


* The narrow antipodal region of PhysotUgta wrgtnrana oontaina the chalazal haustonum, 
as shown later by Schnarf (1917) and not a hypertrophied binucleate antipodal cell as Sharp 
(1911) claimed earlier. 
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The significance of the tapetum from the functional point of view is a long 
debated question Diverse interpretations have appeared in accordance with the 
development and structure of the tapetum observed by mvestigators in different 
famihes In the late nineties of the last century, Balicka Iwanowska (1899) ascribed 
a nutritive function to tlie tapetum which was supported later by Goebel (1923) 
Palm (1915) expressed the view that the tapetum serves as an embryonal tissue in 
the earlier stages and has the chief function of providing the transport of nutritive 
materials to the endosperm tissue and embryo The idea of the digestive function 
of the ta2Jetum suggested by Lavialle (1922) got support from Juncll (1937) m 
Hyplis pectinata, whore the author found the glandular development of the tajietal 
cells According ho Junoll, the tapetal cells in JJypUs heljHid ui dissolvjng the 
mtegumontal tissue, and the absorption of the food rnattiT from the dissolved 
mtegument takes place chieHy thiough the micropylar haiistonura , he rejects the 
nutritional hypothesis in view of the cutmized nature of the tapetal coll walls 

The loss of identity ot the tapetum in the post-fertilisation stagi s in Antsomeles 
and Leonurus and particularly at the very early stages of ondosjiorm development 
m the latter genus would not lend any support to the theory of nutritive and diges¬ 
tive functions in the later stages of seed development On the other hand the con¬ 
spicuous form of the tapetal jacket in the earlier stagas of embryo-sac development 
as well as the differential staining capacity from the out(*r part towards the innermost 
layers of the integument comprising the tajietum indicate a function of nutrition 
to the embryo-sac m the pre-fertilisation stages The greater development of the 
tapetal jacket on the side of the ‘jirmutne ondosporm lobe’ in Ltonurut and the 
rapid extension of the endosperm on this part only would favour the idea that the 
meristomatic character of the tapetum helps in intercalary giowth of the integu¬ 
ment for the inc.reasmg size of the endosperm which grows chu'fly along the tapetal 
jacket in the primary stages This explanation of the function of tapetum was also 
given by Schnorf (1921) and Svensson (1926) 

The argument of a protective function of the tajietum to the emdosperm and 
embryo advocated by investigators of other families like Compohitao, f’ampiiiiula- 
ceae, Scrophulanaceae, Podostemacoae, oto is out of cjucstion hc're as the tajietal 
jacket 18 non existent ciiuing those later stages 

E ETUloap^rm and eTidoaperm-hauatona —Before embarking on any cbscussion 
of the development of endosperm and the comcident formation of the Imustonai 
apparatus, it is dcsurable to discuss Narosimha Murthy’s (1942) observations m this 
respect 

Narasimlia Murthy has stated that ‘three primary tiers of two cells each are 
formed in the ombryo-sac The uppermost cells divide once more by transverse 
walls into four colls which enlarge and organise micropylar haustonal ajiparatiis’ 
But the present study reveals that the two cippeimoat colls divide iii such a manner 
as to produce two cells which ho below the tajietal opening (Fig 54), and two ujijier 
colls which divide again and form the micropylar haustonal cells The derivation 
of tho miciopylar haustonal alls thus takes place entirely iliffirently h'lirther, 
ho lias not been able to find out the other type, viz , tho free nuclear division of the 
chalazal chamber uHimah-ly converting into a haustorium The trequiuit variations 
m the number of micropylar haustonal cells cannot be expected from such a sujier- 
fioial study (see pp 207 208 for further details) 

It 18 now proposed to consider the position of the two genera in relation to the 
types of ondosjierm as determined perviously by various workers Tho entirely 
different nature of endosperm development leading to the formation of haustorium 
will also be pointed out 

As early as 1917 Schnarf working on a large number of Labiatae distinguished 
four types of endosperm development m this family on the nature of the seoond 
division m the two colls resulting from the transverse division of the secondary 
endosperm nucleus Scukllarta type (also in Proatardhera ).—In upper as well as 
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lower chamber longitudinal walls are formed Brumlla type (also m Saiureja, Thy¬ 
mus, Salvta) In the upper chamber a longitudinal wall is forii%4> The lower 
chamber is transformed into a binucleate haustoniun Qalaeopsis type (also m 
Phyaosiegta) As in ‘Brunella type,’ the difference bemg that the ohalazal chamber 
IB small and degenerate soon Stachya type —^The upper chamber is divided by a 
transverse wall The chalazal chamber is transformed into a binucleate haustorium 

Ho further stated that in Scutellaria a cellular micropylar haustorium is formed, 
and in the rest the micropylar haustorium is composed of free nuclei, the number 
of nuclei being larger in ‘Stachys typo’ and fewer in ‘Galaeopsis type’ 

Junell (1937) was the first to take exception to Schnarf’s classification when 
he stated ‘It is certainly best to consider the ‘Galaeopsis type’ Tos a special case of 
the Brunella tjjio’ In Sahta melhfera Carlson and Stuart (1936) has described 
an unusual tyjio of devolopmint, but their account is misleading They have 
stated that a binucleate micropylar haustorium is formed primarily as a result of a 
division of the daughter niieloiis derived from a division of the endosperm nucleus 
in which the spindle was longitudinally oriented Curiously enough, they have 
neither figured nor described any transverse wall resulting from the latter division 
and m the legend of the figuro the micropylar haustorium is described as two-oelled 
They further state that a longitudinal division takes place in the lower daughter 
nucleus and one of the nuclei migrates at chalazal region and organises a bmu^ate 
chalazal haustorium by one division, but again, they have figured a two-oelled 
haustorium (according to the explanation of the figure) In fact they have made a 
captious blending of the conception of cellular and free-nuclear structure which is 
of foremost importance in endosperm studios Their description of the S splendens 
type shows the development to be of tlie ‘ Stochys type ’ It is difficult to take the 
account of S melhfera as substantiated and probably a re-mvestigation will lead to 
the same conclusion for the latter spei.ies 

I'rom the standjioint of Sehnarf’a classification, Antsomeles would evidently 
fall under the ‘Scutellaria type’, when we consider the dominant type of develop¬ 
ment m the genus, i e , m cases, where a longitudinal wall is formed m the chalazal 
chamber Again according to tho second type, i e , when the chalazal chamber is a 
binucleate structure, it ^omes under the ‘Brunella type’ and particularly resembles 
Pogoatenum patchouli and ElahoUzia criatata, where Junell (1937) found a bmucleate 
chalazal haustorium associated with a cellular micropylar haustorium * Aniaomelea 
indtca, thus, evidently represents tho mtermediato form between the ‘Scutellaria 
type’, which has been considered as tho most primitive type on account of the un- 
liifferentiated cellular haustorium, and tho ‘Brunella type ’ The transitional nature 
of the genus is further evidenced by tho occasional binucleate micropylar haustorial 
cell (rig 68) and one of the chalazal haustoiial colls (Fig 67)—a tendency towards a 
free nuclear haustorial apparatus 

The primitive nature of the oelliilar haustoria which is characteristic of the 
‘Scutellaria type’ is obvious in Aniaomelea, where frequently the micropylar haus- 
torial cells gradually merge into those of endosperm without a distmot demarcation, 
and this is very clearly represented by the occurrence of ten haustorial cells and a 
number of mtergradmg endosperm cells below It evidently indicates that the 
haustorial system is gradually evolved by the differentiation of the terminal cells 
of the endosperm developed for a better supply of nutrition to the embryo via 
endosperm The occasional presence of unmuoleate haustorial colls (Fig 64) would 
suggest the same feature, where one terminal endosperm cell is devoted to the abswp- 
tion of nutritive materials 

The varied type of endosperm development m Leonurua pteeents a puzzling 
situation at the outset On the one hand, tho first type (Typo I) essentially follows 


• Actually, howevor, the 2 micropylar cells do not develop into a haustorial structure but 
degenerate early (Junell, 1037) 
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the ‘Bninella type’ m bo far as the nature of the second division is concerned 
(From Sohnarf’s point of view no distinction can be made between the two sub¬ 
types of the first type) The second type, on the contrary, unmistakably represents 
the ‘Staohys type’. Fortunately, however, all the intermediate stages between the 
different types and sub-types have been observed The abnormal configurations 
m Figs 80-81 represent the forms intermediate between the first two sub-types 
Again, Figs 82-84 clearly represent the stages by which the ‘Brunella type’ can give 
rise to ‘Stachys type’ It is particularly remarkable that in those abnormal cases, 
the development of the endosperm primarily follows the more primitive ‘Brunella 
typo ’ and then gradually leads to the ‘ Stachys type ’ by the adoption of transverse 
divisions On the other hand, m the abnormalities represimting the first type 
(Typo I) which essentially follows the ‘ Brunella type’, the occasional presence of a 
two celled chalazal haustorium illustrates the primitive eellulai condition of the 
ehala/al haustorium characteristic of the ‘Scutellaria type’, which thus reappears 
in the unusual coses This is a further evidence of a derivation of the ‘Brunella 
type’ from the ‘Scutellaria typo’ {vide, supra) 

It IS now clear that the observations of the varied types of endosperm dove 
lopment in Leonurua enables one to draw up the stages through which the ‘ Brunella 
typo’ gradually passed into the ‘Stachys typo’ The ‘Stachys type’ is undoubtedly 
tile highest type of endosperm development in Labiatao with a higlily diiferentiated 
multmucleato mioropylar haustorium and a free-nuolear chalazal haustoiium 

It 18 a matter of coincidence to mvestigate these species of Amso7neles and Leo 
nunu concurrently, the former showing the evolution of ‘ Scutellaria to Brunella typo ’ 
and the latter indicating tiie stages of derivation of the ‘Stachvs typo’ from the 
‘Brunella type’ Even in the same species of Lemums there are indications of the 
most primitive to tiio highest typo of endosperm development from the standpoint 
of Sohnarf’s unmistakable classification 

Junoll (1934, 1937) added Ameihystea eoeruka and Prostanthera laeuinthos to 
the ‘Sfiutellana type’ and ‘probably Ajuga' to the ‘Stachys typo’ and stated that 
(apart ftom Slwhys) in the S F s Lavanduloideae,Stachyoideae and Oiimoideae, i e 
in the Labiatao with gynobasic styles, the endosperm development takes place after 
the ‘Brunella type’, the contributions of Schnarf (1917), L^ws (1039) and Ruttle 
(1931, 1932) confirming his statement But the present study offers the strongest 
criticism to such a genorahsation, both being under the S F Stachyoideae, Ant- 
aomeles and Jjeonurua together show all the typos of dovelopmoat Narasimha 
Murthy’s (1940, 1941) accounts of Octmum species (S F Ocimoideao) and Leucas 
aspera (S F Stachyoideae) show the developments to bo of the ‘Stachys type’ 
and these further do not support Junoll’s conclusion 

It IS now desirable to consider the nature of the further development of endo¬ 
sperm leading to the formation of micropylar haustoria as it differs from the processes 
described by the previous investigators 

Though Schnarf (1917) did not moke any rigid statement in regard to the further 
development of endosperm leading to the formation of haustorial apparatus, Junell 
(1937) generalised a developmental sequence in the ‘Brunella type’ os follows ‘In 
the division of the centxol nucleus a transverse wall is formed 'The nucleus m the 
basal cell formed thereby divides itself once without the accompaniment of a wall 
formation during this division In the upper primary cell a longitudinal wall is 
formed in connection with their division, and in each of the two long cells formwl 
thereby a transverse wall is laid down at the level of the tapetal opening or a little 
deeper In this stage one can distmguish between the different parts in the endo¬ 
sperm Below he the basal, usually two-nuoleate cell Next to this and above, 
I have found two parallel cells These are usually suiroimded by a tapetum layer 
and forms the beginning of a real endosperm tissue. The third which includes 
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m general an upper broadened part of the embryo-sao usually beoomes formed 
into a hauBtorium like the basal cell ’ * 

It has already been pomted out how the present study in AnMomeles reveals 
the exact nature of the endosperm and haustorial development diffenng from Nara- 
simha Murthy’s observations Still more interesting is the ooourrenoe of a similar 
feature in the developmental stages of Leonurus The desoriptive portion has shown 
beforehand that the micropylar haustoria m both the sub-types of Type I is derived 
as a part of the uppermost cells of the three tiered stage of the endosperm Un- 
fortunat< ly the last stage of the second type (Type II) could not be obtained, but 
as stated previously, there seems to bo no doubt that the developmental position 
IS the same as m the previous type, when we look into the abnormal oases where the 
later stages are nothing but representing the second type This is further suggested 
by tlie dotpseatod position (in the tapetal jacket) of the spmdlo in the stage m 79 

It IS of profound interest to notice that the so long generalised sequence of the 
stages of endosperm which gives rise to the micropylar haustorial cells or nuclei is 
entirely altered in the two species studied As already generalised by Junell for the 
‘ Brunclla type ’ and also evident from the other types worked out by the various 
investigators, the micropylar haustorium is derived m those species (according to 
the said authors) wholly from the upper part of a primary stage of endosperm 
rt presented hv three superposed regions In faot this is also the feature existing 
in tlie othi r families like Sorophulariaceae, Lentibulanaceae, etc It is but quite 
natuial for Narosimha Murthy (1942), who probably biased with the results of 
previous investigations concluded the same general mode of development for Ant- 
tornehs The segregation of the said uppermost part mto a portion of endosperm 
and the micropylar haustorium in Anuomeles and Leonurus is thus £he principal 
feature which demarcates these two species from the other members of the family 
in a comparative study 

The sudden deviation (in Antsomeles and Leonurus) from the general process 
might appear as very striking but a closer analysis of Juncll’s paper (1937) would 
reveal that he has been able to trace the details of the ontogeny of the micropylar 
haustorium m only six out of the nineteen genera he has attempted, and m the rest 
either ho could not find any stages or his interpretations are purely inferential 
His illustrations of Molucella, Ztztphora and Pogostemon (Figs 3b, 4d and 6« of 
JuncU, 1937) are easily comparable to Fig 52 of Antsomeles and in those cases he 
himself mentions that the upjiermost tier lies withm the tapetal jacket It is very 
probable that more critical study will brmg out the crucial stage by which the segre- 
gation of this tier is effected 

Two other features of the micropylar haustoria remain to be discussed The 
first is the persistence of one sjmorgid m a few instances of Antsomeles, which has taken 
up a dobmtely haustorial function, apparent m comparison with the other haustorial 
cells (Figs (56,66) Persistent synergids have been reported to occur m several mom- 
bers of Poinpositae, Sorophulariaceae, etc Its signifloanoe seems to he in the de¬ 
velopment of an accessory haustorial organ which is to be regarded as an improved 
micropylar absorbing system The other struoturo of importance consists of the 
persistence and enlargement of the tubular jiortion of the uppermost suspensor cell 
lying m the micropylar chamber and oonneotod with the filamentous suspensor and 
embryo in Leonurus (Figs 88-90) The presence of nuclei m this structure as well 
as the considerable enlargement (m breadth) is a strong evidence which leads one to 
snppoHo that this has got a definite physiologioal function It seems probable that 
the nutritive substances absorbed by the micropylar haustorium are oonvemently 
passed through this suspensor cell to the embryo by the cellular filament The wide 
f^unnel shaped portion of the tip of this cell is a further evidence m support of this 
explanation Junell (1937) mentions the ooourrenoe of persistent suspensor tubes 


Translated from JuneU’s paper. 
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m Hyptig and Molucella and Carlaon and Stuart (1936) doacriboa ‘active’ suspensor 
tubes m the micropylar haustona of Salvia splendens 

It will not be out of place to discuss a significant point in regard to the extension 
of the endosperm tissue in th’o two species winch as I have previously said 
represent two distmct types of embryo-sacs The unilateral growth of the endosperm 
m a direction opposite to the micropylar haustorium occurs in both the species 
But in Leonurut it takes place from the very beginnmg, whereas in Amsomtles it is 
delayed to a later stage Thus the tendency for this unilateral growth which showed 
signs in the more primitive Anuiomeles at a Interstage in seed development is initiated 
m Leonurus at the very earlier stages, being already ditermimd in the structure of 
the mature embryo sac, indicating an advancement m the latti'r spicies which is also 
evident in the structures of endosperm and haustona 

F Embryo —With the limited bteratuie available to the author, the oiilv 
important work on the embryogeny of this family b< ems to he that of Soiu g( s (IU2I) 
who has investigated three species of Labiatae, vo , Glpchomn hriinana, Mcnlha 
vtridia and Lamtumpurpureum Besides this. Sharp (1911) has desciibed only a few 
primary segmentations in Phyaoategia vtrginiana but the account is too restricted 
to favour a comparison 

According to Souoges (1921), the embryogemc behavioiii of Mentha virtdis and 
Glechoma hederacea are more or less similar, while Lamtum purpureum presents a 
very irregular mode of development The two former specii s have been distinguished 
by Souegee from that of Capsella bursa paatoris in the following dtvelopmental 
features (a) Early differentiation of the hyphophysis from the middle lell of the 
tetrad pro-embryo, (6) The suspensor is represent^ by a simple thinned filament, 
(c) The difference in the speed of segmentations of the two apical and basal colls of 
the embryo 

The embryogeny of Leonurua sibirtcus differs from those of Mi ntlui vtridts and 
Glechoma hederacea in several important pomts (I) In the two species mentioned the 
longitudmal colls of the quadrant embryo divide by transverse walls to pioduce an 
octant, but in Leonurua the four cells divide perchnall^ differentiating the four 
dermatogen cells in the octant stage itself (2) As a consotiuenui the differentiation 
of the embryo into the layers I and V is delayed to the sixteen ctdlod stage of the 
embryo m Leonurua, in contradistinction to Mentha and Glechoma wheie the layers 
I and V can be made out in the octant stage itself (3) The early division of the 
cell m to produce d, the progenitor of the hypophysis tissue, which oiiurs bimnl- 
taneously with the division of the two apical cells It thus takes place still earlier 
than that of Mentha and Glechoma when the cell m divides after the formation of the 
quadrant and the octant embryo respectively (4) ISouegos has mentioned in 
Glechoma that the cell ci rarely divides to form two cells n and tt' and may even lose 
its power of division, the filamentous suspensor being derived mostly from the cell 
m But the early division of the cell n even at the octant stage in Leonurua indicates 
that the derivation of the suspensor is equally favourable from elements n and m 
(6) The occasional derivation of the periblem by a penolinal division of the dermatogen 
cells (6) The frequent divisions of a few upper suspensor cells to form two layers 

Since Leonurua differs from Mentha and Glechoma in several important pomts, 
the resemblance of the former to CapaeUa becomes still more far-fetched The early 
differentiation of the dermatogen and the consequent delay of the formation of the 
layers ( and i' in Leonurua represent a fundamental deviation from the ‘Capsella’ 
type 

The hypophysial region shown m Fig 112 is strikingly similar to some of 
Soueges’ figures for Lamtum purpureum The obhquo nature of the walls in the 
abnormal oases (Figs 08, 112) mdioates the possibilities by which the comparatively 
more ‘CapaeUa’ like developments of Mentha, Glechoma and Leonurua oould have 
been derived from that of iMmiutn purpureum or vice versa Again the prosonoe of 
a tangential waU m the aberrant octant stage in Leonurua (Fig 98) a similar 
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occurrence of which was found by Soueges in Oleehoma, represeqtaa more or lees 
mtormodiato form which correlate the early dermatogon differciiCTWlBn m Leorvurus 
with the ‘Capsclla’ like formation of octant m Mentha and Oleehoma 

The hetorogoneouH nature of the embryogenic behaviour in the different members 
of Labiata© which has already been pointed out by Souoges is further emphasised 
by the still more deviating mode of development in Leanurua It now appears from 
a study of the ombryogeny of fjeonurus that it would not be safe to make any general 
statement regarding the sequence of segmentations which would characterise the 
family as a distinct type 

Summary 

1 The paper thialu with the ontogeny of the flower, development ot c srpels, ovuli h, iiitegu 
ments, feinaln gamntuphyte, fertilisation and formation of endosperm iind haustona in Antno 
melca nidiut O K^e and Lconurm «i6»rtci«i Linn It also omhoelies the embryogi ny of the latter 

speieioB 

I the cnrpnUary primodia arise from tlio base of tho stamens and grow up to form the 
wall of the ovary The latter grows mwanin through the four ovules and forms the gynobasii 
stylo wliieli fusoH with the funido at a later stage 

5 The curvature of tho ovule is of different nature in the two species and produces two 
types of ovules, ultimate form of embryo sac also depends on this mode of curvature, two 
clistmi t types of gaiuetophyto have been noted 

4 The degeneration of the upper tlireo megaspores takes place from below upwards 
Di velopincnt of the ganietophyte is normal 

6 Tho aynergicTs have got dmtuu t hooks The antipodals are epboint ral 

0 Polar fusion takes place just before fertilisation in Leonurwi In Amsomeles, tho fusion 
occurs along with double tertilisulion 

7 Rapid development of tho embryo sac takes place at tho four nucUato stege The 
mature embryo sai consists of two distinct regions 

5 The niirelliis is of a simplci type A division of tho two upper iiucellar cells occurs in 
both tho apocios Tlie oceurnmee of bi or tn nucleate nucellar cells throughout the earlier 
stage's in Anuomalin and OLcunonally in Lconurua is remarkable 

9 An integiimentry tapotal jacket is organised which encloses the chalainl portion of the 
oiiibryo sac, and lies against the latter after the earlier degeneration of tho nuoellus 

10 Various abnomiahties have been noted in connection with megasporogenesis and female 
gainctophyto development in Le/murua Of those tho otciirrenio of multiple nrchosponuin, 
double and multiple tetrads, double and multiple embryo sacs, arc notable 

II In Anmomfdea double fertilisation precedes syngamy 

11 After fertilisation the secondary endosperm nucleus divides immediatoly to form two 
transverse chambers The upper chamber by a senes of characteristic divisions organises a 
line ropylar haustorium which is generally a four celled structure in Atiisomelta, and twelve 
nucleate in Leanurus The ehalazal chamber forms a binucloato haustorium (m Leonurua and 
occasionally in AniaomeUa), or a two celled haustorium (in Antaomelea and rarely in Leonurua) 

13 Die Rccjuenco of divisions loading to the formation of the micropylar haustona are 
desi nbed in detail in Antaomelea and Leonurua, and they have been shown to be different from 
those observed by previous investigators The important point in this connection is that the 
uppermost tier of a throe tiered stage, which results from Idle divisions of the secondary endo 
sperm luic lens, is not directly transformed into the micropylar haustorium but divides again, the 
prodiu ts being a portion of endosperm and haustorial colls or nuclei 

14 Tho methods of endosperm development and subsequent formation of haustona m 
Leonurua have boon classified into two broad tyjjes of which the first type is, again, subdivided 
into two sub types The probable stages of evolution of tho primitive types of endosperm 
development to the more advanced types have been shown with tho aid of abnormal configurations 
in Leonurua 

15 After the degeneration of tho respective haustona, the endosperm cells bordermg the 
latter become very rich m cytoplasm, especially in Anaaomelea 

19 A general similarity exists in the extension of the massive endosperm tissue m both 
tho species though they are stnicturally different before the growth 

17 Duo to the activity of the mieropylar haustona and endosperm cells the internment 
u largely destroyed and totally disappears riunng the later stages The endosperm cioHs sur 
rounding tho embryo also become destroyed by tho activity of the latter 

18 Three nutritive portions are thus organised in the seeds for the embryo, viz , the 
micropylar and ehalazal haustona and the endosperm tissue 

19 The persistence and increase in size of the up^ portion of the suspensor and the 
oeoasional persistence of tho tynergids in the micropylar haustona of Ltontmia and Antaomelea 
respectively are noteworthy 
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20 Detailed embryogeny has been studied in Leanurus The mam features of distinction 
with the ‘Capsella type’ havo been disciissori 

21 The embryo is hlled with starch m the mature stugos anti is surrounded by a thin 
starchy sheath of endosperm 

In conclusion, the writer wishes to express his deep sense of gratitude and indebtedness to 
Dr Itabonto Banerji, D So , 1 N T , under whose able gindam o and constnnt encouragement 
the work was corned out His thanks ore also duo to Dr J V Sen Gupta, Head of the Depant 
ment of Botany, Presidency College, and to Mr P t‘ Mauhk, Lei tunr m Languages, Calcutta 
University, for thoir kind help in traiislating ceitain Geiman and hionth literature 
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Preaent 

Dr Bnini Prushad, OBE,DSc,FRai!:,FLS.FZS,FKASB.a past Prosidont, 
in tho Chair 


Fetlowi 


Dr K Bagthoo 
Dr K N Bagchi 
Dr K N Buhl 
Dr U P Base 
Dr N C Chttttorjoo 
Dr B C Guliu 
Dr P K Ohoah 
Dr S L Uom 
Dr S S Joahi 
Dr S B Khastglr 
Dr B C Kundu 
Dr P C Muhunti 
Dr H n Mohru 
Dr P C Mittor 
Dr H K Mookerjoo 


Dr A C Ukil 
Dr D S Kothan I 
Dr H 8 Pruthi j 


Dr B B Mimdkur 
Dr P Neugi 
Dr B P Pul 
Dr P Panju 
Dr B N Praaad 
Dr H <’ Buy 
Prof P Bay 
Dr L A Raindua 
Dr K R Kamanatlian 
Dr M N Saha 
Dr B Sanjiva Rao 
hir a S Sokhoy 
Prof J. M Son 
Dr M B Soparkar 
Dr N R Tawde 


Besides, a largo number of visitors wore present 

In the absence of tho President and the Nice Presidents, Dr Baim Piashati 
was voted to the Chair (according to Rule No 58(6)) 

" 1 The minutes of the Ordinary General Meeting of the Institute hold at Delhi 
on tho 5th December, 1947, were read and confirmed 

2 Tho Chairman announced that tho American Phdosopliii al Society and the 
National Academy of Stionees, Washington, had prosentecl a Medallion to tlio 
Institute The Mcxlallion was exhibited to tho Follows present 

Resolved that the present bo accepted and a letter of thanks sent to the 
Societies concerned 


3 Tho Chairman announced that as a result of tho sinitiny of voting papers 
received from the Follows, tho following fifteen persons wore elected Orduiary 
Fellows of the Institute — 

r, B 8 , D So (Cal), Fishenes Ofiicer with tho Government of Mysore, Bangalore, 
distingoiahed for Ids work on fisheries 

Bose, Pratap Chandra, B Sc ( Eng’g ) (Hons ) (Glasgow), Chief Fngmoer, Corporation of Calcutta, 
distinguished for his work on drainage problem and water supply of Calcutta 
Chatterjee, Satya Charan, M Sc , D Sc (Cal), Head of tho Department of Geography, Patna 
College, Bankipur, Patna, distinguished for his work on tho basio and ultra basic rocks of 
Bihar, Onssa and Bengal 

Dastur, Jehangir Fardunji, M So , D I C , Head of the Division of Mycology, Indian Agricultural 
Kesearehmstitute, New ^Ihi, distinguished for his work on various crop diseu^ caused 
by fungi. 
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Vutta, Arun Kumar, D Sc (Dacca), Reader in Physics, Dacca University, Da^, distmgulshed 
for his work on absorption spectra, supersomcs and viscosity of gases an^MAds 
Dutta Roy, Rukmmi Kishore D St (Dacia), Dr Ing (Hanover), (liemist. Geological Survey 
of India ( alcutta distingiiislied for his work on the chemical study of coals 
lliilig, Robert E , M D (\ nnna) Chief Physician, Jaipur, distinguished for his work on various 
pathological problims connoitcd with hookworm and malaria 
JOislinaswami Kolar Ramaknshnuiyer, D Sc (Lond ), h R I C , Director of Industries, Bihar, 
Patna, distmguishod for his work in Industrial Chemistry 
MaiOregor, Robert Anderson Eoimerlj f hiof Metallurgist to the Government of India, Calcutta, 
diBtmgiiishtd for his work on fatigue in metals 

Mittor, Ganes ( liandra, OBL,MSc (tal) FRI< ,M Inst Mot , ( hief Assaynr, His Majesty’s 
Mint, Bombay, and Honorary Professor of Industrial Chemistry, Royal Institute of Science, 
Bombay distmguished for his work on chomiial and motallurgical problems of coinage 

Moghe, Mahadio Atmnram, M A M Sc , Ph D (T^nd ) FZS Professor of Zoology, College of 
S( loni o Nagpur and Head of the Department of Zoology and Dean of the Faculty of Science, 
Nagpur University Nagpur diatingiiiRhed for his work on Helminthology and Embryology 
Rajii, S P . B A BE Dr Ing (Miiiiii h) Mil (India), Member of the International Association 
for Hydraulic Stmctims Rcsnurih StoikhoUa Director, hngmenrmg Research Depart 
ment, H E II tho NiMing Government Hyderabad, Deccan distmguished for his work 
on Eiigmcnrmg Hubji its pariir ilarly hydraulKS 

Ramanujam, Srinivasa M A (Madras) Ph D (London) Director, Central Potato Research 
Institute, New Delhi distmguished for his work m tho fields of cytology, genetics and plant 
breeding 

Rao, Subbarao Ramcliandra, M A (Madras), Pli U (Lond ), D be (Lond ), Professor of Physics, 
Central College Bangalore distmgiiislitd tor lus work on soft X rays, secondary electron 
emission and moloi iilar magnetism 

Roy, Jyolis f hondra, M D (Birlin) Duector, Indian Institute for Medical Research, Calcutta, 
distmguished for lus w ork ou physiological subjects 

4 The ChHiiman uppointivl Dr K N Btihl and Dr B B Mundkur as ecru 
tinocrs tor the voting; papers in lonnoction with tlie oloition of Coimt-il Mombors 
and Offiee boaters oi tlio Institute for 1948 

After scrutiny tho following were declared as duly elected 


Dr Sir S S Bliatiiagar, JVeui Del/t, 


Vice l‘re«vlents 

1 Prof S N Bos<, C lilcatla 

2 Maj Gon Sir b S Sokhey, BomfMg 


Ml M S Kandliawa, Dithi 


Foreign Secretary 
Di I N Muklicrjoo, New Delhi 


1 Prof D S Kothari, Delhi 

2 Dr H S Pruthi, JVeu) DeZA, 

Editor of Puhlicatvma 
Dr b L Horn, Benara. 
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Prof S P Agharkar, Poona 
Dr K N Bagchi, CalcuUa 
Prof K N &hl, Lucknow 
Prof A C Banorji, Allahabad 
Mr 8 Basu, Poona 
Prof H J Bhabha, Bombay 
Prof 8 R Bobo, CalcuUa 
Dr B B Dey, Madrae 

Dr 


Membera of Council 

Dr Wrner Klwin, Bcnanjf 
Prof B 0 Ouha, Valcutki 
Dr 8 Kruhna, Dehra Ihm 
Prof b K Mitra, CulcMM 
Dr B Mukorji, t’alruwo 
Dr C (} Pandit, Aladraa 
Dr P I'arija, C’u«ac4 
Di M Praaad, Bombay 
' D Wo»t, CalciUta 


5 At the request of the Setrotai y the ittim with logard to the scrutiny of voting 
papers regarding modihration of Rules h and 10 was di'lcted fiorn the Agenda 

6 The iSoiretary (Dr H S Pnithi) toad out tlie Annual Report of the Council 
of the Institute The report was unammouslv adiqitcsl (fw/f pagi J^5) 

7 In the absence of the authors, the following papers wore taken as read -- 
(i) 'j\c (Jeometnj of Kctm Orth liar g ILfmetwn- bv Pi of J R Sclh, Govern¬ 
ment College, Lahore {CiimmumcaUd by Di K P Kichlu) 

(u) Some Non Ha mil i>vjam ('amjiw-un Propirtm oj the FarUtwn Function — 
by Dr D B Lahiri {CommumcuUd i>y Mr R N Roy) 

8 Due to the unfortunate absence of the Piesidcnt (Sir S S Bhatnagar) his 
Presidential Address was lead by the Chairman, Dr Bauii Piashad (1 ide page 227 ) 




ANNUAL ADDRESS TO THE NATIONAL INSTITUTE OF SCIENCES 
OF INDIA 

Sm S S Bhatnagak, F R S , F NI 
Patna, lat Janvary, I94S 

I am deeply grateful to the Fellows of the National Institute of Sciences of 
India who elected me their President This is the highest honour which they can 
bestow upon thou- fellow-colleagues and I am thankful to them for this recognition 
of my humble servipos to science 

The year under review has been a momentous one and the most outstanding 
event being the establishment of Indian independence and the rt birth of a really 
National Government in India The scientists have not lagged bohmil and the last 
yearV session of the Indian Science Congress under the presidentship of our national 
hero, Pandit Jawaharlal Nehru, was a great success, the memorable feature of that 
session being the presence in India of the following delegations , U K Sir Charles 
Darwin, Sir Harold Spencer Jones, Prof P M S Blackett, Sir D’Arcy Thompson, 
Prof L J Mordell, Prof W Brown, Mr Philhp Bruco Wliite, Sir Angus GiUan, 
Prof Miiiiro Fox, Sir Arthur Fleming, Prof Dudley Stamp, Canada Prof W F 
Hanna, Prof R B Thomson, Dr T L Tanton, USA Mr Albert F Blakeslee, 
Dr Harlow Shapeley, Dr E Newton Harvey, Dr Ascar Riddle, Dr W E Demmg, 
France Prof J S Hadamard and Madame Hadamard, I 'hxna Prof S S Chern, 
USSR Prof V P Volgin, Prof E N Pavlovsky, Prof Bolshaikov, Prof S 
Umarov. 

- To those who attended the opemng session, the event will always remain fresh 
and will be remembered by them in then- old ago as somothmg which will bring 
cherished memories of the past In introducing Sir Harold Spencer Jones, the 
Astronomer Royal, to the President, I mentioned his great influence with the 
heavenly bodies and his prowess with the god of ram, which had prevonteil our 
meetmg from becoming a catastrophe The words were almost prophetic because 
as soon as the inaugural ceremony was over, came a thunderous down pour of ram 
the like of which had not been witnessed before m Delhi at that time of the year. 
Heavens having helped us at the opening day, the session was a tremendous success, 
particularly well attended were the lectures by foreign delegates which rouseil a 
great deal of enthusiasm amongst the peoples of India Even the Russians and the 
Americans remarked that they had never seen such enthusiastic crowds at lectures 
of a scientific character 

Two more notable events have taken place First of all, the Prime Minister 
whose mterest in science is well known, has agreed to bo the President of the Council 
of Scientific and Industrial Research and the Scientific Consultative Committee 
Secondly, he has become one of us os wo elected him a Fellow of the National Institute 
of Sciences of India, under Rule 7 

With the great change in the outlook of political India, events in the world of 
science are bound to march forward It is no doubt true that the pohtical develop¬ 
ments and noting which followed the partition of India brought to a standstill the 
programme of development which was in hand particularly m the northern regions. 
Our construction programmes of the National Physical Laboratory, National 
Chemical Laboratory and the Central Glass and Ceramic Research Institute, were 
completely stopped With great diflSculty we are restartmg, though slowly. Never- 
tbelesB progress has been spontaneous in many dneotions In the Ministry of 
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Works, Minos and Power, the projects for the development of power by darning 
rivers have made vast strides 

The following projects are well in hand 

Mahanadt Project 

Work has already started This scheme is expected to cost Rs 47| crores and 
will be able to jiroduce 350,000 K W of ilectru energy Total land expected to be 
irrigated when the jirojeet is completed is 1 1 million acres 

Bhalcra Dam 

Work has already started This scheme is expected to cost about Rs 06-76 
croies and tho total land expected to bo irrigated will bo about 2 million acres 
300,000 K W of electric energy an likely to bo pioduced 

Dnmodar Valley Project 

Work 18 expel ted to bo started in a few months’ time The coat of the si heme 
IS expected to bo about Rs 36 crores 300,000 K W of eleilne cncTgy is expected 
to bo produced when the scheme is i omplotccl 8 dams are hkoly to be constrncted 

Koax Project 

This (lam is expcitcxl to be 800 ft high, the highest in tho world and this will 
be able to pioducu 1 8 miUion K W of power Work is expected to l>o started some¬ 
time in 1948-49 

Besides these four projects, sevc'ral other projects are being actively planned 
and work is expected to be startcal m about a year’s time Some of these are 
Narbada and Tapti projects, Indrawati jiiojcct and tJodavari project 

Possibility of jiowcr development in Assam aio also under active consideration 

The Central Government maintains a number of institutes for training and 
research in agricultural sewnoes, aminal luisbanclry, veterinary scicncee, dairy, 
forestry and fisheries The Goverrimcuit have sanctioned schemes for the expansion 
of facilities for research and training in these institutions The Scientific and 
Technical Maniiowir Committee, about whose recommendations I propose to deal 
later, have recommended that tin tune lias < ome when a co ordination of agricultural 
education and training might be* aecojited through the creation of an All-India 
Agricultural Council The proposal is now under tho consideration of the Govern¬ 
ment The' Indian Agricultural Roscarch Institute is expanding facilities for 
training and research in all the major branches of agricultural sc lences The greatest 
necessity is felt that facilities for training and research in the basic agricultural 
sciences are jirovidcd for our joung men at the highest level so that it becomes 
less necessary to send young men abroad excepting for speciahsod training in specific 
subjects and gainuig uptodate experience of teehnicjue and ideas abroad This was 
the main purpose for which tho Indian Agricultural Research Institute was founded 
I am glad to say that it is expanding now on these hnes During the last year the 
Agricultural Department gave serious consideration to tho importance of measures 
of control of wheat against rust The serious damage to the wheat crop last year 
which meant a loss of more than a million tons of wheat drew the attention of the 
Government to the subject A scheme of research based on the note prepared by 
the stafiF of the Indian Agricultural Research Institute—this note has been published 
m Science and Culture —was sanctioned by the Indian Council of Agricultural 
Research with a view to effectively controlling rust problem Very important 
work has already been done and the new scheme aims at stren^homng the existing 
work and expanding further on all India basis the research work on the subject 

Another matter which should receive the attention of all of us is the question 
of increased production from land Two reports conoernmg soil productivity and 
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soil conservation have been prepared and are under consideration of the Indian 
Council of Agricultmal Research 

For some years, the Council of Scientflic and Industrial Research has boon 
making efforts to bring into bc^iiig a number of national laboratoi ics The National 
Chemical Laboratory at Poona, the National Pb^snal Laboratory at Delhi and the 
National Metallurgical Laboratory at Jamshedpur, have already boon planned and 
the work of construction has already slarteil The Central Glass and Ceramic 
Research Institute at Calcutta and the Fuel Rcsean h Station at Dhanbad are 
also busy in completing their budding operations Thq. technological block of the 
Central Glass and Ceramic Research Institute is alroadj working When those 
laboratories are ready—they have been unfortunatedy veiy much delayed for 
reasons over which we had no contiol—tlu'y will c-onstituto some of the finest 
laboratories in the world Meanwhile the rescan h work in these various fields 
has also been started at these centres in lured or unprovised buildings 

Amongst the now schemes of expansion sanctiomcl by the Council of Scientific 
ond Industrial Research maj bementioncxl the following — 

(1) A nucleus of Buildmg Research Unit whicli lias slatted lunctioning at 

Roorkee with a skcTcton staff and has publishc d results of some interest 

(2) A Road Research Institute at Delhi is be irig actively jilanncd and attempts 

are Iwing made to socuro a plot ol land for tho institute on the Muttra 

Road 

(3) Tho Council has agreed to tho establishment of a Central Drug Research 

Institute 

(4) The Council has also agreed to tho establishment ot a Food Technological 

Laboratory 

The Finance Mmistry has agreed to provide funds for the offee tivc planning of the 
Drug Research Institute and the Food Technological Laboiatoiy 

The Council welcomes the ostabhsliment ol the Indian tStaiidards Institution 
We are particularly happy as this is a child of the Council which sjionsorcsl its 
early establishment 

In tho field of scientific and technical manpower, tho Scientific Manpower 
Committee appointed by tho Ministry of Education submitted theur Intoiim Report 
some time ago TheFinalRepoitisexjicctecltobostibinitttei 1)> the end ofFebniary 
next Tho Interim Report has been eoiHidertd liv tho Cabinet and the rceommenda- 
tions made by the Committee have been generally accepted 

Tho Committee have recommended measmes which tlio Government should 
initiate without loss of time in order to meet, to some extemt, the existing shortage 
of scientific and technical personnel Those measuu s re lato to— 

(i) Expansion of facilities for higher scientific and technical eciueatiou md 

traimng, 

(ii) Medical ^ucation and training, 

(in) Scientific and industrial research and training, 

(iv) Industrial training, 

(v) Tochmeal training for Defence Services 

Tho Committee are of the opinion that the pre sc nt fnc dities for scientific and 
technical education are utterly inadequate and in order that tho immediate needs 
ofiihe country for scientific and technical personnel may Iio met in as short a time 
as possible, it is necessary for the Government to initiate measures which may start 
bearmg fruit withiti a year or two Tho (‘oinnuttce have expressed the opinion 
that there should be a fourfold iurreaso m the output of technical personnel so that 
industrial progress may be possible 

' The Committee have recommended that for an immediate improvement in tho 
out-turn of scientific manpower tho Government should utilise tho oxisting soirees, 
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VIZ, universities, spenal institiitionB and the industrial concerns, by helping to 
create in these places adequate facilities for higher education, roseaWsind practical 
training Such help as is to be giveiwhould be largely in the form of grants for (a) 
the creation of scholarships on a generous scale, (b) the purchase of equipment, and 
(c) the opening of post-graduate research departments in the universities which do 
not have any at the moment 

Some of the general recommendations of the Committee may bo summarised 
below — 

(a) Top priority should be given to imports of scientific equipment and appa¬ 
ratus for educational institutions and the Government should allow rebate on the 
import duty on such equijiment 

(b) Surplus war material of scientific value should be made available to educa¬ 
tional and research institutions, free of cost as far as possible 

(c) To facilitate the training of additional workers in institutions and industrial 

concerns, the Government should evolve suitable machinery for expediting building 
construction at various training ^ntres and also provide necessary funds for the 
purpose ^ 

(d) To overcome the groat difficulties experienced by the Government in 
implementing most of their schemes, the Govoinment should— 

(i) permit the administrative departments c'oncornod to make direct 
recruitment to scientific and technical posts in special cases instead of 
deiionding on the Federal Public Service Commission, 

(a) create a Hciontific Service at par in status and emoluments with Ad- 
ministrativo Service similar to that created in Grc'at Britain, 

(ill) improve the salary scales of teachers especially those engaged in 
tc'chnieal education, 

(iv) provide funds to enable institutions to send their expononced staff 

overseas to visit important centres of scientific and technical educa¬ 
tion and research, 

(v) institute a large number of scholarships for post-graduate and re¬ 

search training in institutions in India, 

(vi) permit the construction of buildings for educational institutions through 

pnvato agencies, 

(vii) delegate a greater amount of power than at present to heads of educa¬ 

tional and research institutions, 

(viu) place at the disposal of institutions block grants for implementing the 
programme apjiroved by tho Government, instead of grants from year 
to year, 

(i\) consult scientific and technical men at all stages when taking decisions 
on tochmeal matters, 

(\) take steps towards maintenance of a National Register of Scientific 
and Technical Personnel by tho Council of Scientific and Industrial 
Research through the agency of tho National Institute of Sciences 
of India 

The keen interest taken by the Prime Mimster and the Cabinet of the Indian 
Government inspires us with a now hope and it looks as if Science will get a chance 
of service New opportunities and new responsibilities offer themselves to us and 
the National Institute of Sciences has to play an important part in building the 
New India 

Incxptt Vtta Nova —here begins a new life There are moments m the lives 
of a nation as well whic h forcibly recall Dante’s words, for one ghmpse of freedom may 
spell for a whole people what a ghmpse of Beatrice did for Dante With the ushering 
of Indian freedom on August 16, Indian science too cried out in ecstasy —InetpU vtta 
nova. 
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The tasks of scientific education in this country henceforward have to bo vastly 
different from those assigned to it hitherto In the past, scientific education has 
aimed mostly at equipping a number of people for the profession of teaching, or of 
routme testing, whether ot a medical variety or of an engineering or industrial variety 
A certain number of such scientific woikors wore in any case needed to keep the 
imperial machine going—to build and maintam its roads and railways, to run its 
conxmiinications on modern hues, to serve its armed forces and its administrative 
personnel, to man the various surveys for collecting the data needed by the foreign 
exploiter To some extent the peojilc, no doubt, lienehted, but undeniably an im¬ 
perialist bias underlay the entire activity The Geological, Botanical and other 
Surveys collected scientific data but they did so mspiied by an imperialist purpose 
The linguistic and ethnographic data, collectcHl no doubt often) with miu h skill and 
industry, could be used for tho imperialist political jnirposo of indicating the moral 
that no nationhood could bo claimcHl for a mere congeries Tho scientific Surveys 
of India’s resources were jirimarily inspired by the impiriahst juirjiose of tho ex¬ 
ploitation of these resources by her alum rulc'rs Kven scientific researi h earned 
out in India was often not freely available in this country During tlie lute war 
formulae and processcis evolved in Indian laboratoric’S wc re oltcn liaiiclod ovei to other 
countries and since they were industrially more developed, they could utilise them 
for greater advantage In a free India science is no longer to be tlu' tool of a foreign 
imperialism, and its two groat tasks now arc to develop Indian scientific talent to 
its utmost capacity so that it can make a worthy contribution to humanity s pool 
of scientific thought and knowhslge, and to develop India s resourcis so that tlie 
lot of the common man in this country may bo improved To raise the economic 
standards of the common man, it is necessary that the specsl of iiidiistualisation be 
a good deal accelerated This would require expansion in the available siienlific 
personnel and it is among tho immocliatc tasks of seientihc education m this country 
to moot this demand for onhaiitocl scientific personnel Indian industrialisation 
demands an adequate exploitation of her vast power rc^sources No one will 
contend that today sho has the technical personnel she needs for this task Again, 
India will have to develop her science ancl industry for <lof<>nce purposes, if she is 
to maintam her freedom and to pursue an indepondent foreign policy, or to pull her 
weight in defence arrangements in a commonwoaltli or a system of alliantes Under 
foreign tutelage her scientific workers were not permitted to peep into the swrets c)f 
the War Office But hoiueforward it is going to be the ri'sponsibility of Indian 
science to see that the Indian defence organisations do not suffer for want of si leutific 
knowledge and scientific porsomiel 

What 18 to be the language of science in India < Hitherto science has bc'cn 
taught and studied in tins country, from tho secondary school onwards through 
English—though there have been laudable efforts to produce scientifii ti 'mmology 
and some scientific literature in Indian languages Tho now context would not 
permit this state of tlungs to continue The teaching ot science will honcefoiw'ard 
have to be done through Indian languages and our umversitics and learned bodies 
and scientists and teachers must now be called mion to take effective steps to make 
this possible without any impairment of efficiency—in fact the cifliLioncy must be 
a good deal raised if wo are to prove equal to our new big tasks in free India In 
a very few years, we may take it, the touching in the topmost umversity classes will 
be through Indian languages, though of courso those going up for higher studies will 
find a working knowledge of one or two European languages essential Those 
engaged in research ore sure to find a knowledge of English and other European 
languages almost as necessary as they do at present But there seems no reason 
why students in our universities who will bo hstemng to lectures m the science 
theatres in their own languages should not have a supply of scientific text books 
in these languages, though for sometime these will necessarily have to be supple¬ 
mented by those in European languages particularly m English Our universities 
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and learned bodies and education departments have to give immediate attention 
to the task of producing a supply of scientific text books and sAtatefic journals in 
Indian languages Tlie task, I should tlunk, is one which would require the offices 
of a central co-ordinating agency The chief hit< h at present would be the want 
of ready-made scientific terminology This is a problem that lequires very careful 
thought and much export and erudite labour and it must not bo decided in a hm7y 
The Ministry of Education of the Govoinment of India sometime ago set up a (jom- 
mitteo to go into this question, and so also did the National Institute of Sciences 
The Committee set up by the Institute seems to favour, when it informally met, 
the retention of English for the time being, as a vehicle of thought for advanced 
scientific knowlcxlge, and the retention of the English tedinical and scientific terms 
in scientific writing in Indian languages Scientific writing in India may have to 
bo (lone in a number of languages, but it will be stujiendous waste of labour if each 
of those sets about coining its own scicntihi terms—such an enterprise might cost 
as much labour as did the Tower of Babel and for scionti in India its results might 
be no more propitious tliaii those commonly assoiiated with that monument 

To have a uniform scientific and technical termmoJogy for all Indian languages 
IS a desideratum that all interesting themselves in this jiroblcm will do well to bear 
m mind In the West the scientihc terms generally do not differ much as you pass 
from one Kmopoan language to another The common ancestry of European 
scientific thought in that of Greece, and the common acceptance of Latm as the 
language of learning during some centuries, have been of great help in creating this 
uniformity The mention of Latm will to many be an inevitable reminder that the 
potentialities of Sanskrit with its richness of vocabulary, its facility in new forma¬ 
tions, its having boon the mother of Indian languHiges, and with its religious and 
cultural position in India not less unportant than that of Latin in Christendom—are 
no less significant But that is a question I would much rather not go into here 
For the immediate future I think we have to bo content with the English terminology, 
though it 18 plain this is just ‘making do’ and not a salihlactory or final solution of 
our problem We sliall soon start looking for such a solution, perhaps a fresh 
stocktaking may bo necessary after the Constituent Assembly has made its decision 
with regard to India's national language At the moment all I can say is that wo 
must not lose sight of our objectives and they are 

(а) Indian scientific workers must be able to draw upon the world pool of 
scientific knowledge, and in repayment of this debt their own scientific w'ork must 
bo available as a contribution to this pool in a language which is not too difficult to 
learn and may have to bo English 

(б) For the free exchange of scientific knowledge among the various centres 
m India a uniformity of scientific terminology is essential It is hoped that the 
Fellows of the Institute would give the country a real lead in these matters 

The country has witnessed a catastrophe the like of which has not been seen in 
the world in what has followed the partitioning of India A large number of people 
have been displaced and they are aU over the place as refugees Science has not 
been safe from this tragedy and a great many scientists of note as well as professors 
and students have been rendered homeless The Government of India in spite of 
the vast magnitude of this tragedy have done a great deal to rehevo the situation 
The Delhi University has come to the aid of the former Punjab Umveraity and 
have taken up the Honours Schools m Chemistry and Physics under their auspices 
Attempts are also being made to start camp and double shift colleges so that a large 
numb^ of displaced teachers and students may bo usefully occupied A deep 
sense of patriotism pervades the country and the rather difficult problem of re¬ 
habilitating medical and engineering students has been satisfactorily solved and all 
the medical colleges in India have agreed to divide the Punjab students amongst 
themselves Similarly the Thomason College of Engineering at Boorkee has 
absorbed all the Punjab students who were working for engmeonng subjects It is 
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the prime duty of the National Institute of Sciences to see that those brethren of 
ours who have been so displat cd aie suitably employed It is much to be regretted 
that this premier body of Indian scientists has not yet addressed itself to the solution 
of this important problem I appeal to the fellow scientists who have gathered 
here to remember these unfoitunate brother scientists and see that any help that is 
possible IS given to them m tlieir domains 

I cannot conclude this address without saying a word about the practical 
utilisation of results of rosoarih in various holds in the new India Although 
scientific research is a search for truth for its own sake it will be considered an 
expensive luxury and no oxcbequer will vote tunds for it unless results of practical 
utihty or for reducing suffering or poverty woie the outcome of our investigations 
and while I should not hki to minimise the importance of scientific research for 
its own sake I must draw the attention of youi scientists to the great need of 
applying their knowledge to the goo<l and betterment of India 

In this connection, it is perhaps not out of place to point out that the utilisation 
and development of resoaich results is a difficult problem in itself to which consi¬ 
derable thought and time has been and is being devoted in other lountnes parti¬ 
cularly m the United Kingdom, USA, and Canada, etc It would perhaps bo 
desirable to dosenbe some of the methods cmplojed in these countries to attract 
the attention of the industrialists and potential individual who is likely to use and 
derive the ultimate benefit from the resesirch activities A review of thtsee methods 
has recently appeared in the British Commonwealth Scientific Office Memo No 626 
(United Kingdom Scientific Mission Mcmornmluin No (>0/47 dated the 25th August, 
i>947) The British Commonwealth S<ientifi< Official Conferenct sot up ni 1046 a 
Standing Committee Working Party to deteimme ways and'means of promoting 
the utilisation of non-patentable scientific and tedmical data Tlie Committee 
contacted various Ameiuan and Canadian agencies to determine mothcKls in opera¬ 
tion in these countries in connection with both patentable and non patentable 
discoveries Of these the methods found to be most satisfactory and now in general 
use are briefly outlined below • 

The methods emploved by the Fc'deral and State Agricultural Colleges (USA) 
m interesting farmers and othc'rs likely to benefit by the implementation of their 
results fall in throe c ategoru's, viz 

(a) Methods that reach the masses News stones, circular letters, radio, cinema, 
exhibits, bulletins and posters 

(b) Methods that reach groups General mc'ctings, dcmonstiation meetings, 
leader traimng meetings, extension schools and study courses 

(c) Methods that reach individuals Demonstrations, farm and house visits, 
office calls, telephone calls and correspondence 

The Bureau of Agricultural and Industrial Chemistry (USA) has given much 
thought to determining the best methods of keeping industry informed and to 
getting commercial firms to develop the laboratoiy scale lesults obtained in its 
Regional taboratorus Alter several years of experimentation, the Bui can has 
found that tho best results are obtained by one or more of the following five 
methods — 

(a) Demonstration by pilot plants which show to industrialists how the process 
can Ite operated on full production basis It is tho Bureiu’s experience that if this 
course is not adopted then more often than not the potentially interested indus- 
briohst will not take the trouble to give a new process a tryout 

(b) Frequently tho Bureau enters into a co-operative agreement with mdustry, 

1 e a firm’s plant is used to develop a process worked out on the laboratory scale 
by the Bureau’s staff To avoid possible jealousy or recriminations from other 
potential users, tho Bureau wherever possible asks the appropriate industnul trade 
organisation to nominate the firm with which it enters into a formal or informal 
collaborative agreement 
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(c) Each Regional Laboratory has one scientist on its staff who devotes his 
whole time to liaison work between the Bureau and industry ajj^^Jiaisnn officers 
keep industry informed of the Bureau’s activities by personal visits and they also 
endeavour to determme nature of industry’s problems and utihso the information 
so gathered in planning future research programmes of the Bureau Many large 
firms refiprocato by appointing liaison officers who work in the reverse direction 

(d) The Bureau tries to got itself ropresonted on as many trade orgamsations 
as possible This has been found to bo one of the beat means of winning mdustrial 
(onfidonio and ensuring interest in the Bureau’s research activities 

(e) The Bureau makes the fullest possible use of piibbcations, encouraging its 
scientists to pubbsh their research findings in a wide variety of recognised scientific 
journals 

All these methods and more will have to be adopted by ns in India to make 
science really effcitiVo and understandable to masses Realising the importance 
of this aspect the rjovernment of India set up an Industrial Research Utibsation 
Committee in 1941, a year after the creation of the Board of Scientific and Industrial 
Rost arch Since April last this Committee has boon replacwl by an Industrial 
Liaison Committee whose functions remain the same as those of the Utilisation 
Committee The success of similar utilisation methods will show even to the lay 
Indian public the great advantages of scientific research 

To take one concrete case only, it is estimated that vegetable oil lubricants 
valuini at Ks 5 rrores were produced by the oil companies from the processes worked 
out by the Council of Scientific and Industrial Research The Council did not 
derive any direct monetary benefit from this process but if the oil companies made 
a nett 10 jH'r cent profit on these, they paid taxes on Rs 50 laklis profit and if this 
figure 18 worked out it will come to quite a substantial amount In addition to this 
some 60,000 tons of shipping spac o with its sea freight and handbng charges was saved 
and if this is calculated, the savings will amount to a handsome figure Similarly, 
antigas cloth valued at over 1 crore of Rupees was manufac turcxl from the Couneil’a 
formula Hcre<again the Council did not derive any direct monetary benefit but 
the indirect benefits to the country’s economy wiU be found to be considerable 

There are, however, processes in whicli both direct and indirect advantages are 
obtainable and enhance the value of research in the eyes of financiaUy minded 
individuals and corporations m the country 

Amongst the indirect benefits may bo mentioned the increased earmngs in 
income-tax, super-tax, excess profits tax and corporation tax, besides provincial 
and local taxes, which accrue to tho Central Government as a result of the profits 
derived by industry from tho Council’s processes To these might be added the 
benefits derived by the country’s economy from savings in exchange resulting 
from diminution of imports of products developed from several of tho processes In 
addition to those the industries and processes developed have provided employment 
to a considerably large number of men and tho provision of this additional employ¬ 
ment of labour brings in its train innumerable benefits which it is difficult to detad 
Before I close, it is my pleasant duty to offer a hearty welcome to the foreign 
delegates who are attendii^ the current session of the Indian Ri lence Congress It 
18 very gratifying to learn that an Australian Scientific Delegation which is visiting 
this country on the mvitation of tho Government of India for the first time is 
expected to bo present in Patna in time for the Science Congress These visits 
have amply shown the growmg signs of mternationalism of science m India and 
have proved that science is really international m character and transcends pohtics 
To these foreign delegates India’s young scientists give the assurance that in the new 
India they will prove their altruistic interest in science by constant collaboration 
with their colleagues all the world over and by working dismterestedly in the cause 
of scientific research and development It is only through the efforts of the scientists 
of all countries that a real Umted National Organisation can emerge 
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The Council of tho National Institute of bciences of India have pleasure m 
submitting the following Report on tho general conterns of tho Institute for the 
year 1947 as required by tho provisions of Rule 48(/) 

Memberahtp 

The number of lellows on the roll of the Institute at tlie beginmng of tho year 
was 263—228 Ordinary and 26 Honorary Iho Hon bio Pandit Jawaharlal Nehru 
was elected an Ordinary Fellow of tho InetituU, under tho privisions of Ruli 7(e) 
In accordance with the new Caltndar for meltings adopted by tho f ouncil of the 
Institute tho election of Ordinary Fellows for the year 1947 will take plato in January 
1948 at the Annual General Meeting of tho Institute One Ordinary Icllow who 
had resigned his Fellowship previously applied fr r witlulrawal 1 1 his n signation 
and was readmitted in terms ol Rule 32 as modified in th( Ordinary General M< oting 
of the Institute held on 18th October 1940 hour Honoiary lelli ws wtrt elected 
Four Ordmary lellows and two Honorary Fellows dii^l during the year under 
report The total number c f b ellows on the roll at the end of tho yeai was therefore 
263 — ^226 Ordinary and 27 Honorary 

Meetings 

The Twelfth Annual General Moiting of the Institute was held in the physics 
lecture theatre of the Uiuversity of Delhi on tho 1st lanuary 1947 

Prof D N Wodia the retiring President delivered his Annual Address on 
India in Transition—the Role of Science in tho Building of New India 

Durmg the year under reiiort 10 Ordinary General Meetings were held At 
these meetings papers were road and discussed At the Ordinary Cmeral Meetmg 
held on the 4th April 1947 at Bangalore Dr S L Horn gave a r^sumd of General 
Impressions and bpecific Contributions of the Empire bcientihc (onftrenco hold 
in the United Kingdom in 1946 The following pubhc lectures weie also dehvored 
at the Ordinary General Meetings — 

August 1 1947 Prof H J Bhnbhft on Fumlnmental Pnriicks (At Bombay ) 
November 7 1947 bir K b Krishnan on Liquid Metals (At Dellu ) 


The Council 

Tho Officers and Members of the Council for tho year 1947 weie ilected at tho 
Twelfth Annual General Meeting ol the Institute held on tho Ist January 1947 
The Council including tho representatives of tho co operating Acadmiics the 
Indian Science Congress Association and tho Government of India was constituted 
as follows — 


PrenderU 
Vice Preaidenta 

Additional Vice President* 


Treasurer 
Foreign Secretary 
Seoretane* 


Dr Sir 8 9 Bhatnagur Delhi 

Prof H J Bhabha Bombay 

Prof 8 N Bose CaUutta 

Prof A C Banerji AUahabad 

Khan Bahadur M Afial Husam Lahore 

Lt Col C L Pasneha Calcutta 

Representative of the Indian Academy of Sciences 
(nomination not reooivod) 

Dr Bashir Ahmad, Delhi 
Dr J N Mukherjee, Delhi 
Prof D 8 Kotharl, Delhi 
Dr H 8 Fruthj.DsM« 



Editor o] Publtcattono 
Members oj the Council 
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Dr 8 L Horn, Benares 
Dr S P Agharkar, Poona 
Dr K N Bagchj, Calcutta 
Dr K N Bahl, Lucknow 
Dr 8 K Banerji, Ddht 
Dr B B Doy, Madras 
Dr Vemer Dlwin. Benares 
Prof B C Guha, Calcutta 
Prof Sjr K S Krwhiian, Delhi 
Prof S K Mitra, Calcutta 
Dr P Panja, Cuttack 
Prof M Quroalu, Hyderabad Dn 
Dr L A liamdaB, Poona 
Mr M 8 Randlinnu Delhi 
Dr M It biddiqi, Hyderabad Un 
bjr b b Sokhey Bombay 
Dr A t/ Ulol, Calcutta 
Dr W D West, C eUcutta 
Ex Offiiio Membirs of the Council bir It N tliopni (lUO 1940), Jammu 
(Past Presidents) bir J C Ghosh (1943 44), i/onpniorc 

Dr Baini Prushad (1941 1942) DiVii 
Prof M N Saha (1937 1938), f alcu/(u 
Prof D N Wadia(1940 40), Dtl/o 
Additional Members of the Council Prof P C Mahalanobjs, Coloidto 
Dr K It Mohru, Allahabad 
Dr B Mukorji, Caleuita 

Representative of Iho Indian Academy of bciencee 
(noiniuation not received) 

Prot D N Wmlm roproeented the Government of India also on the Council 
of tho I^ational Institute 

In tho absence of Dr Bashir Ahmad from station, first Di B C Guha, and then 
Pro! D N Wadia, w is appomtotl Treasurer 

Tho Council held nine meetings duimg the year Abstracts of tho proceedings 
of tho Coimtil relating to questions which are hkoly to bo of interest to Follows 
are given in Appendix III 

Pvblxcattona 

Six numbers ol tho Proceedings and one number of the Tmnsactiona were 
published during tho year 1947 

Exchange. List 

The following additional institutions were placed on tho distribution hst of the 
pubhcations of the Institute bringing the total number on the list to one hundred 
and nine 

1 Royal Society, London 

2 Academy of Sciences, USSR, Lenmgrad 

3 Hungarian Academy of Natural ScioncoB, Budapest 

4 National Research Council of Canada, Ottawa 

6 Jefe del Servicio Meteorologioo Moxicano, Tacubaya, Mexico. 

6 Oceanographic Institute of Taiwan, Chma 

PreserUs and Donations 

The Council thank the Acadepiy of Sciences, USSR for presentation of nearly 
200 copies of them pubhcations to the bbrary of the Institute 

The following donations were also received—to be utihsed, as far as p088ible« 
for popularisation of Science, this being the wish of the donors — 
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Rs 

1 Mr Panna Lai, Delhi 600 

2 Mr S B Gupta, Delhi 5(M) 

3 Mr Kali Charan, Delhi 1(R> 

4 Mr T R Jawahai, Delhi 160 

5 Mr Devi Gharan Gupta, Delhi 100 

6 Mr Chotan Swamp, Delhi Shiihdia 200 

7 Mr Padam Chanel, Delhi 361 

8 Mr Khazaiidu Mai Jam, Delhi 601 

0 Mr t' B Gupta, Delhi 500 

10 Mr Harelayal, Delhi 500 

11 Sardai Sohan Singh Anand, Delhi 500* 

12 M/s Tek Chaiid Atma Ram, Delhi 600 


4,402 


Granti-in-aul of Publicattans 

The following grants were reeeivod eluring the year lor distribution to scientihe 
institutions and ai'adoinies in aid of then publications — 

1 Prom tlio RoekeRlloi Foundation Rs 15,000 

2 hYom the Govornini.iit of India Rs 15,000 


The above grants weie distributed as follows — 


2 

3 

4 
6 
6 

7 

8 
9 

10 

11 

12 

13 

14 
16 


16 

17 

18 

19 

20 
21 
22 

23 

24 
26 
26. 


Rockefeller Government 


Royal Asiatic See lety of Bengal 
National Acaelemy of Sciences, India 
Indian Academy of Sciences 
Indian Science Congress Association 
Indian Scienco News Association 
Current Science Association 
Indian Statistical Institute 
Indian Mathematical Society 
Calcutta Mathematical Society 
Benares Mathematical Society 
Indian Physical Society 
Indian Chemie al ScKiety 
Society of Biological Chemists, India 
Institution of Chemists, India 
Geological, Mining & Metallurgical Society of 
India 

Calcutta Geographical Society 

Indian Ecological Society 

Indian Botamcal Society 

Indian Society of Genetics and Plant Bn-oding 

Bombay Natural History Society 

Entomological Society of India 

Indian Institute for Medical Research 

Indian Anthropological Institute 

Man in India 

Lahore Philosophical Society 
Physics Quarterly (Allahabad) 

Rooirve 


Grant 

Rh 

500 

1,J00 

1,300 

1,(H)0 

1,000 

060 

050 

660 

300 

1,000 

1,300 

150 

050 


660 

350 

760 

700 


Grant 

Rs 


2o0 

260 

360 
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Nattonai InsMute of Sciencea of Ind%a Research FeRowahtps 

The following National Institute of Sciences of India Rosearcn ijellows wore 
carrying out research work at places mentioned against their names during tho year 
under report 

Senior Research Fellowship 

Dr F C Auluck (Physics), Delhi University, Delhi 
Dr P N Bhadun (Botany), Calcutta Umversity, Calcutta 
Dr M B Pithawalla (Geography), Karachi 

Dr M A H Qadri (Zoology), Mushm Umversitj, Ahgarh (Up to July 31, 
, 1947 ) 

Dr K Subba Rao (Chemistry), Central College, Bangalore 
Junior Research Fellowship 

Dr C Datta (Botany), Calcutta University, Calcutta 
Mr P A R Iyer (Zoology), Central College, Bangalore 
Dr N L Phahukar (Chemistry), Sir Parashurambhau College, Poona 
Dr A K Saha (Physics), Calcutta University, Calcutta (Up to Juno 30, 
1947 ) 

Ml K S Singwi (Physics), Delhi University, Delhi 

Dr V R Thiruvenkata Char (Mathematics), (Antral College, Bangalore 

Dr N K Sarkar (Chemistry), Calcutta University, Calcutta 

For want of formal sanction of the additional Government grant necessary for the 
purpose, no Research Fellowships were awarded by the Institute this year Ajiplica- 
tions have, however, been invited and appointments will be made as soon as funds 
are sanctioned 

Imperial Chemical Industries (India) Research Fellowships 

The following Research Fellows contmuod to carry out research work at places 
noted against their names — 

Mr P C Bhattacharya (Physics), Calcutta University, Calcutta 
Dr P C Datta (Chemistry), Calcutta University, Calcutta (Up to October 
15, 1947 ) 

Dr R N Singh (Botany), Benares Hindu University, Benares 

Dr R V' Sitholoy (Palaeobotany), Lucknow University, Lucknow 

Dr M K Subramaniam (Biology), Indian Institute of Science, Bangalore 

♦ Dr Ram Parshad (Physics), National Physical Laboratory, Delhi (Up to 

June 30, 1947 ) 

'Mr S P Basil (Zoology), Fisheries Department, Government of Bengal, 
Calcutta 

• Mr H N Bose (Physic8),-Calcutta University, Calcutta 

Tho Imperial Chemual Industries (India), Ltd , sanctioned a grant of Re 67,200 
for the awanl of I C I Research Fellowships m Physics, Chemistry and Biology 

National Register of Scientisls 

At the instance of the Scientific Man-Power Committee of the Government of 
India, the National Institute of Sciences of India has issued a questiomiairo to assess 
the ‘drift’ or ‘leakage’ of scientific talents in the country The hst wilk include 
names of persons who possess high scientific and technical quahfications and are 
either unemployed or engaged in non-tochnical or unproductive occupations 


Appointed during 1947. 
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The institute has also started work on the preparation of a National Register of 
Scientific and Technical Personnel available in India 

QrarUafnm the Oovemment oj India 

The Government of India sanctioned for the year 1947 48 the followmg grants — 

(1) Recurring —Rs 1,17,000 for expenses on staff, research fellowships, pubhea- 
tions and other general expenses 

(2) Non-recurfing —Rs 2,20,000 for the new building (not likely to bo utihsed 
• this year) 

Other Oranla 

The following grant m-aid was also lecwved by the Institute during the year — 
Rs 500 from the Calcutta Umversity 

Site for the new Building. 

The question of allotment of a suitable site in New Delhi is noaniig decision 
Sanction to the allotment of a site near the All-lnrlia Rwlio Station oi near Kotla 
Ferozshah on the Muttra Road is expected at an early date 

Dekgaltons to Foreign Conferences 

The following Fellows of the Institute were appointed delegates to Foreign 
Conferences by the Government of India 

Dr H S Pruthi, Sc D , Ph D , Plant Piotoction Adviser to the Government of 
India, led the Indian Delegation to the International Food Inlestation Conference 
held in London m August 1947 

Dr M N Saha, DSc,FRS,FRASB, Palit Professor ol Physics, ('ahutta 
Umversity and Dr H J Bhabha, Ph D , D Sc (Hon ), F H S , Director, Tata 
Institute of Fundamental Rosoanh, Bombay, wore deputed Government of India 
representatives to attend tho International Conference for Conti ol of Atomic Energy, 
held in Paris in November 1947 

Report by Foreign Secretary 

In accordance with No 61 of tho Rules and Regulations of tho Institute, tho 
Foreign Secretary sent in his report detading action taken by him regarding tho 
following matters 

(1) Convoying thanks of the Institute to institutions conc'orned for presents 
of boo^ and publications and for hospitality shown to delegates ot tho Institute to 
Conferences abroad 

(2) Aoknowledgmg receipt of 74 declassified reports on Atomic Energy from tho 
MiniWy of Supply, Directorate of Atomic Energy, London 

(3) Information of persons elected by the Institute as Honorary Fellows 
The Council at its meeting on November 7, 1947 

Resolved— 

(i) that it would be desnablo to widen the scope of tho work of tho Foreign 
Secretary, 

(u) that it wo^d be desirable to establish more mtemational contacts, 

(ifa) that quarterly report of tho work and activities of tho Institute should 
be sent to the Royal Society, London, for pubhcation, 

(Iv) that the President be authorised to move in the matter of representation 
of the Institute on various Committees established by the Government 
of India for dealing with tho question of International Scientific 
Unions. 
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LIST OF FELLOWS 

OHDINARY FELLOWb, 1947 

1 Aiibauam, VV E V , LI Col , A ilC’ S (I), J Q S , M Int P T , Suiuor Geologist, Burmoh 

Oil Co , Ltd , Burma (lOtB) 

2 Aohabkab, H P,M\,Pht),l'LS, Maharashtni Assoi lation for the Cultivation of 

bcitnw, Law ( olloge, Poona 

5 Ahmad, Babhui, M S< , Ph D , Diioitor, University Institute of Chemistry, Punjab 

University, Ijihore (1'I44) 

4 Ahmad, Nazis, O U E , M .Si , Pli 1> , ( ontructor Building, 3rd Hoor, Nicol Road, Ballard 
Estatt', Bombay 1 

6 ArvAM, K Gopala, M A , L T , M be , Professor of Zoology, Andhra University, Waltair 

(193H) 

6 Ajspkab, h L , B A , I E S (Held ), Bhandarknr Institute Road, Poona 4 

7 Anahda Had, K , Rao Bhadadur, M A , I E S, Professor of Mathematics, Presidency 

College, Madras 

8 Ash. W , B Sc , M Inst C E , A M I Me<h E , c/o Lloyds Bank Ltd , 6 PaU MaU, London 

9 Audum, 1 B, MA (Cantab), Geologist, Geological Survey of India, 21 Chowrmgliee, 

Calcutta (1938) 

10 Awati, P R,BA,i)lC,IES (Rotd ), 769/20 Doccan Gymkhana, Poona 4 

11 Baoomek, K U , U Si , B I C , Forest Botanist, Forest Besearcli Institute, New Forest, 

Debra Dun 

12 Baochi, K N , Rai Bahadur, B8c,MB,DTM,‘FRIC,6 Ballygimge Place, Ballygunge, 

Calcutta 19 (1940) 

13 Bahl, K N , D Sc , D Phil, Professor of Zoology, Lucknow University, Lucknow 

14 Banhbjice, K , D be , Maliendralal Sircar Professor of Physics, Indian Association for tlie 

Cultivation ot Science, 210 Bow bazar Street, Calcutta 12 (1939) 

16 Bahekji, a C , M he , M a , F R a .S , I E S , Cyan Kutir, Beh Road, Allahabad 

10 Bakahji, I, D 8c , Lecturer m Botany, Calcutta University, 36 BaUygunge Circular Road, 
Calcutta 19 (1945) 

17 Bahkiui, 8 K , O B E , D Sc , Director General of Observatones, Lodi Road, New Delhi. 

18 Baud HAN, J C , 1) .Sc (Cal & Lend ), Khaira Professor of Chemistry, Calcutta University, 

92 Upper Circular Road, Calcutta 9 (1042) 

19 Basd, J K , M Sc , Ph D (Lond ), Soil Physicist to the Government of Bombay, Sholapur 

(1941) 

29 Basu, N M , M a , 03 Umdusthan l‘ark, Ballygunge, Calcutta (1944) 

21 Bash, 8 , M Sc , Dy Director General of Observatones, Meteorological Office, Gkinesh 

JClimd Road, Poona 5 (1940) 

22 Basu, U P , M 8c , Chief Chemist, Bengal Immunity Oo , Ltd , 163 Dharamtala Street, 

Calcutta 13 (1946) 

23 Beeson, C F C,CIE,DSc, Thames House, near Eyqpham, Oxford 

?4 Beuabi, Ram, M,A , Ph D , Professor of Mathematics, Delhi University, Delhi (1041) 

26 Buabua, H j , Ph D , D Sc (Hon ), F B S , Director, Tata Institute of Fundamental 
Research, 53 Fodder Road, Bombay 26 (1041) 

26 Bhaduki, P N , Ph D,FRM8,FBHS,FL8, Lecturer in Botany, Calcutta Um- 
vorsity, 36 Ballygunge Circular Road, Calcutta 10 (1944) 

27. Bhakadwaja, Y , M Sc , Ph D (Lond ), F L 8 , Umversity Professor and Head of the 
Department of Botany, Benaros Hmdu University, Benares (1937) 

28 Bbabuuha, F R , B a , B Se , M Sc , D 8e, Professor of Botany and Head of the Depart 

ment, Royal Institute of Science, Mayo Road, Bombay 1 (1039) 

29 Bhaskaba Ssabtbi, T P , Rao Saheb, U A, F B.A.8., Director Nizamiab Observatory 

(Retired), ‘Manorama', Begumpet, Hyderabad (Deooan). 

3B 
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80 BBATKAOilB, SntS S,Kt,OBE,D8o,FR3,FBIO,F Inst P , Director of Soientiflo 
and Industrial Besoaroh, Imperial deeretanat. North Block, New Delhi 
31 BhattaohabyA, D R , Rai Bahadur, D 8c , Ph D , F Z 8 , Professor of Zoology, Allahabad 
University, 7 Malaviya Road, Allahabad 

82 BoKrran, G , Lt -Col, R E , Westways, Bothenhampton, near Bridport, Dorset, England 

33 Bob, N L,CIE,MA,DSc,FLS, o/o Messrs Lloyds Bank (Cox and Kings Branch), 

6 PaU Mall, London (1041) , x ^ , 

34 Boss, D M,MA,BSc,PhD, Diroctor, Bose Institute, 93 Upper Circular Road, 

Calcutta 9 

35 Boss, G 8 , D Sc , M B , Head of the Department of Experimental Psychology, Calcutta 

University, 92 Upper Circular Road, Calcutta 9 

30 Bosh, N K , M Sc , Ph D , Director, River Koseareh Institute, Anderson House, Ahpur, 
Calcutta (1938) 

37 Bosk, P K , D So , Director, Indian Lac Hosearth taslitute, Namkiun, Ranchi (1944), 

38 Boss, R C , M A , Lecturer in Statistics, Caluiitta University, ProsidciK y College, Calcutta 

(1942) 

39 Bosk, 8 N , M Sc , Kliaira Professor of Physics, Calcutta University, 92 Upper Circular 

Road, Calcutta 9 

40 Bosk, 8 R,MA,PhD,FK8E, Professor of Botany, CanniLliael Medical College- 

Calcutta (1938) 

41 Buiutnicui, W , D M , M A (Oxon) (Address not known ) 

42 Caldeb, C C , B Sc (Agr ), F L S , 18 Qladstone Place, Aberdeen, Scotland 

43 ChaITKbjbb, N C , Rai Bahadur, DSo,FRES,AIISi,18 Raipur Road, Delira Dun 

(1942) 

44 Cropba, B N,DSu,FLS, Zoological Survey of India, Kaiser Castle, Benares Cantt 

(1938) 

46 Chopra, Sib R N , Kt, C I E , MA> ,ScD,FRA8B, FRCP. Brevet ('ol .IMS 
(Retired), Director, Drug Research Laboratory, Jammu Tawi, Jaiiunu and Kaslimir 
State 

46 , Chowdhpby, J K , M .So , Dr Phil (Berim), Department of Cheimstry, Bose Institute, 

93 Upper Circular Road, Calcutta 9 (1938) 

47 Ckowdeuby, K Ahkad, MBE,BA,BSc,M8,DSc, Wood Technologist, Forest 

Research Institute, New Forest, Dolira Dun (1940) 

48 CaowLA, S , M A , Ph D , Professor of Mathematics, Govcmiuonl CoUt go, Ludluana 

49 CoATKB, J, ARSM, FGS, Senior Geologist, India, The Burma Oil Co (India Con 

cessions). Ltd , Digboi (1946) 

60< Cbookssahk, H , Bu^ , D So , B A I, Geological Survey of India, 27 Chownnghoe, 
Calcutta (1938) 

81. Das, A K , D Sc , Director, Solar Physus Observatory, Kodaikanal, 8 India (1943) 

82. Dastub, R H , M So , Cotton Physiologist, Institute of Plant Industry, Indore 

63. Datta, 8,M8c,DSo,DIC,39 Hmdusthan Pork, B B Avenue P O . Calcutta (1936) 

64. Datta, 8,DSc,FRSE,MRCVS,QADVS, Major, Indian Veterinary Research 

Institute, Izatnagar, Bareilly, U P (1938) 

68. Dk, M. N , M B (Col ), M R C P (Lend ), Professor of Medicine, Medical College and First 
Physician, Memcal College Hoepital, Calcutta (1942) 

66 Db, P , M B (Cah), F R C P E , Professor of Physiology, Medical CoUego, Calcutta (1943) 
87, Dkbax, R D , M So (Lend), DIG, Department of Chemical Technology, Bombay 
University, Matunga Road, Bombay (1942) 

68, Dbt, B. B , D So., F B I C , I K 8,98 High Rood, San Thome, Madras 
69 Dbab, N R,D8o,FRIC,IE8, Professor of Chemistry, Allahabad Umvorsity, 
Allahabad. 
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APPENDIX 11 

COMMITTEES 

SECTIONAL COMMITTEES, 1948 

(I) ‘Mathematics’ Committee for Mathematics, Astronomy and Oeodnsy — 

To serve unt 
Deo 91 

Mr R C Bose 1948 

Dr T Vijoyaraghavan 1948 

Prof A C Banorji (Secretory and Convener) 1949 

Dr B N Prasad 1949 

Prof Ram :^hari 19'50 

Prof V V NorUkar 19B0 


(2) 'Physics’ Committee for Physics and Meteorology — 

Prof SirK 8 Knshnan 1948 

Prof D S Kothon 1948 

Dr P K Kichlu 1949 

Prof S N Bose (Secretary and Convener) 1949 

Prof H J Bhabha 1950 

Dr R N Ghosh I960 


(3) ‘Chemistry’ Committee for Pure and Applied Cliemistry — 

Sir 8 8 Bhatnagar 1948 

Sir J C Ghosh 1948 

Dr K Venkataraman 1949 

Dr J N Mukherjeo (Secretary and Convenor) 1949 

Dr J N Ray 1960 

Dr B 0 Quha 1960 


and kindred subjects — 

Mr W C Ash 1948 

Dr Gilbert J Fowler (Secretory and Convener) 1948 

Dr D R Malhotra 1949 

Prof Q R Paranjpo 1949 

Mr P C Bose 1950 

Dr 8 P Raju 1950 


(6) ‘Geology’ Committee for Geology, Palaeontology, Mineralogy and Geography — 

Dr M 8 Knshnan 1948 

Prof L Rama Rao 1948, 

Mr J Coates 1949 

Mr V P Sondtii 1949 

Prof C S Piehamuthu 1960 

Dr W D West (Secretary and Convenor) 1960 


(6) ‘Botany’ Committee for Pure and Appbod Botany, Forestry and Agronomy — 

Prof 8 P Agharkar (Secretary and Convener) 1948 

Mr K Rammh 1948 

Dr A C Joshi 1949 

Prof 8 R Bose 1949 

Dr B 8 Kadam 1960 

Mr M 8 Randhawa 1960. 
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(7) ‘Zoology Comnuttoe for Pure and Applied Zoology and Anthropology mnlnd.ng 
Ethnology — 


To serve until 


Deo 31 


Dr Verner Elwm 
Prof H K Mookerjfio 
Dr B S Quha 

Khan Bahadur M Afzu) H iHuin 

Ur S L Horn (Secretary md Convenor) 

Dr Bnini I rashad 


1948 

1948 

1949 

1949 

1950 
1950 


(8) Physiology Committee for Animal Physiology 1 itliology Bacteriology, Pay 
chology and other Medi al and Voteriniuy s ibjo ts — 

Rai Ballad ir K N Bag 11 (Setiot iiy ind Convenor) 

11 t ol C L Pasri I a 
Sir 8 S Sokliey 
Prof N M Basu 
Capt M O Kuii 
Ur A C Ulol 
Dr O Bose 
Dr B Mukerji 
Dr C O Pandit 


1948 

1948 

1948 

1949 
1949 

1949 
1960 

1950 
1960 


FINANCE COMMITTEE, 1947 

The President 
Tho Treasurer 
The two Secretaries 
Dr B C Quha 


EDITORIAL BOARD 1947 

Dr 8 L Hora 


Editor of Pubkcations 
Members k Mathematics 

Chemistry 

Oeology 

Botany 

Zoology 

Anthropology 

Ptiysiology 


Prof D D Kosambi 
Prof H J Bhabha 
Prof B B Dey 
Dr W D West 
Prof 8 P Agharkar 
Dr S L Horn 
Dr B 8 Cridia 
Dr K N Bagohi 


RESEARCH GRANTS COMMITTEE 
(Appointed January I i, 19*7 ) 

Office bearers and C onveners of All Sectional Committees 


SCIENTIFIC PUBLICATIONS GRANTS DISTRIBUTION BOARD 


(Appointed on June 3 1946 ) 

The President 
One of tho Secretaries 
SirB S Bliutnagar 
Prof M N Saha 
Dr A C Ulol 
Prof K B Madhava 



240 


AMNUAIi BBIOBT 


NATIONAL INSTITUTE OF SCIENCES OF INDIA RESEARCH FELLOWSHIPS 
COMMITTEE 


(To function up to November, 1948 ) 


The President i 

The Treasurer I 

The two Secretunes 1 
Prof M R Siddiqi 
Dr S K Banorji 
SirJ C Ghoal 
Mr D N Wadii 
Dr P Puriji 
Prof K N Bald 
K B M Afzal H imiiii 
Dr B Mukerji 
Dr S L Horn 
Sir S 8 8okl oy 


Mathemnti s 

Cl omistry 

Otology 

Botany 

Zoology 

Zoology 

Physiology 


IMPERIAL CHEMICAL INDUSTRIES (INDIA) RESEARCH FELLOWSHIPS 
COMMITTEE 

(To function up to April 1948 ) 

The President ) 

The Treasurer 4 ex ojfficto 

The two Seeretories ) 

Prof M N Saha 
Dr Sir K S Knshnan 
Prof 8 N Bose 
Prof J N Mukherjee 
Dr K Venkataraman 
Sir J ( Ghosh 
Dr P Panja 
Mr K Rapiiah 
Dr 8 L Hora 


FhytieH 

Chemtetry 

Bwlogy 


LIBRARY COMMITTEE 

{AppotTited on November 22 23 1946 ) 

The President ) 

The Treasurer i ex offioio 

Tlie two Secretaries J 

Prof A C Banerji 

Dr B N Prasad 

Dr Bouu Prashad 

Mr M 8 Randhawa 


CHANDRAKALA HORA MEMORIAL MEDAL ADVISORY BOARD, 1947 


Prof K N Bald 
Dr H R Mehra 
Dr A B Misre 
Dr H K Mookerjee 


Dr Bami Prashad 

]Donore(exoffiou» 
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COMMITTEE APPOINTED TO CONSIDER THE PROPOSAL FOR A UNITED 
ACADEMY OF SCIENCES OF INDIA 


(ApixnnUd on March 7, 1947 ) 

The President J 
The Treasurer % ex offiow 
The two Seerf t irii s I 
Dr S P Aglitrkar 
Prof H I Blabh* 

Sir I t (,1 osli 
Dr I N Mukherjie 
Prof M N Saha 
Sir 8 S Sokhey 


UNIVFRSITIFS COMMITTEE 


{Apjtointed on Novembar 22 23, IJiS ) 

rtie Pn Hick nt i 

Tlie TroaHuror 1 ex ojffieto 

Tlie two Secretaries \ 

Sir J t. Oliosli 

hir Maim o Gwyer (Delhi University) 

Dr J N Miiklierjee 

Dr P Parija (Utkal University) 

Prof M N Saha 
Sir S> S Sokhey 

Prof Tara ( hand (Allahabad University) 

Mr D N Wadia 

Dr /lauddin Ahmed (Muslun University, Aligarh) 


COMMIT! FE FOR CONSIDERING WAYS AND MEANS FOR THE PROMOTION 
AND POPULARISATION OF SCIENCE IN INDIA 

{Appotnted on January 12, 1947 ) 

The I resident • 

The Tmasurer > ex officw 

The two Secretaries ) 

Prof K N Bald 
KB M Afzal Husain 
Dr J N Muklierjeo 
Prof M Qureshi 
Hr M S Randhawa 
Dr A C Ukil 
Mr ID N WndiB 


COMMITTEE TO EXPLORE POSSIBILITIES OF CARRYING ON ADVANCED 
SCIENTIFIC TEACHING AND RESEARCH IN AN INDIAN 
LANGUAGE AND THE QUESTION OF THE SCRIPT 
IN WHICH THIS COULD BE DONE 

(Appointed on Auguet 1.1947 ) 

The Presid nt 

Prof 8 P Agharkar 

Dr B B Dey 

Dr D 8 Kothan 

Sir K 8 Knshnan 

Dr J N Mukherjee 

Prof H J Bhabha (Ooavener) 
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fhe Committee was requested to consult, among others, the following — 
Dr Tara Chand 
Dr Snmti Kumar Chattorji 
Maulvi Abdul Haq 
Dr Zakir Hussain 
Prof D D Kosainbi 
Prof S N Bose 
Prof N R Sen 
Prof Humayun Kabir 
Prof K Swaminathan 
Dr Kaghu Vim 


COMMITTEE TO CONSIDER MODIFICATION OF REGULATIONS REGARDING 
ELECTION OF ORDINARY AND HONORARY FELLOWS AND FOR 
SECTIONAL COMMITTEES 

(Appointed on Novender Zi ZJ 1946 ) 

Prof b P Aghiikar 
Dr A L Ukil 

Dr K N Bagchi (Convenor) 


COMMITTEE TO TAKE STFPS TO ENSURE THAT NAMES OF SUITABLE 
PERSONS ARE NOT LEFT OUT PROM THE LIST OF PROPOSALS FOR 
ELECTION AS ORDINARY FELLOWS 

(Appointed on Apnl 4 5 1947 ) 

Dr K N Bugchi (Convenor) 
and < onvenors of all Settioual Committoos 


COMMITTEE APPOINTED TO CONSIDER ESTABLISHMENT OP 
INTERNATIONAL LABORATORIES PROPOSED BY UNESCO 

(Appointed on Apnl 4 5, 1947 ) 

The President i 

The Treasurer I ea; officto 

The two Socretnrios ) 

Prof 8 P Aghorkar 
Dr 8 K Banorji 
Prof H J Bhabha 
Dr B C Ouha 
Dr 8 L Horn 
Dr A L Ukil (Convener) 


APPENDIX III 

IMPORTANT RESOLUTIONS OP THE COUNCIL 

let January, 1947 —^It was resolved that 2,000 copies (instead of 400 as heretofore) of the 
Prooeedvnge and Traneactume of the Institute be published for distribution to Scientiilo bodies 
and University Departments in India and abroad m excliange for their pubheations for building 
up of the Library of the Institute 

7t/i March, 1947 —The Council appomted a Committeo to consider the proposal for the 
formation of a Umted Academy of Sciences by oombimng with the National Institute of Sciences 
of India, the three co operatmg academies [The question was considered m a number of later 
meetings and has not yet been finally decided ] 
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M April, 1947 —(1) The Coimoil roaolved to roooQUuead to the Government of India the 
establishment of a National Umon of Geodesy and Geophysics for India 

(2) The Council resolved to recommend to the Dopartment of iyjcial Affairs, htudios and 
research of the Umted Nations the establishment of the following international laboratones for 
Besearoh activities on international scale — 

(a) A laboratory for high altitude atmospheric and cosmic ray research high up m the 

Himalayas 

(b) A food and nutntional research laboratorywith special reference to food and food 

resources of South East Asia 

(c) An institute for flshenos and oceanography 

1st August, 1947 —The Council decided to prepare a National Itogister of Scientists, for 
which work the Council of Soientiho ond Ind istnal Bosoaich had san tionod a grant of Rs 10,000 
to the National Institute ol boiences of India Tho work is m progress 

1st August Ht47 —Tlio Council appomtod a ( oinmittoo (with eminent Imguists c o opted 
for the purpose) for considering th« possibiliti s of arrymg out advanced research work m an 
Indian language and of the bt st sci ipt for the purpose 

7th November, 1J47 —Th< Council rovised the Iteg d dioiu for olootion ot Ordinary Follows 
with a view to ensure a more thorough scrutuiy of the spot i il research work on whit h tho claims 
of a candidate to election ore baaod us also to improve tho proi oduro for expresaion of opimon 
by the Sectional Committees contomed and tho Council 


APPENDIX IV 


ROCKEFELLER FOUNDATION GRANT FUND 


lo Balance 

Receipt durmg tho 


He A p 
16,000 0 0 

14,850 0 0 
29,860 0 0 


By Distribution during the year 
Balance 


Hb a p 
14 850 0 0 
16,000 0 0 


20,860 0 0 


APPENDIX V 


CHANDRAKALA HORA MEMORIAL MEDAL FUND 


Founded in 1946 from a donation of Its 3 000 by Dr 8 L Hora ond Mrs Hora m memory 
of their daughter to bo bestowed trienmally on the person who has made conspicuously 
important contributions to tho development of hsliocios m India durmg the five yeai precedmg 
the year of award 

Rs A P Ra A p 

To Balance 3,099 13 0 By Investment 1 (ino 0 o 

Interest realised Balance 112 6 o 

Ism Bonk ehargos 12 9 0* 


112 0 0 


• This amount was realised as interest on 31% Q P Notes 1842/43 These G P Notes 
have now been converted into 3% CAiuversion Loan of 1940 The interest accrued on tho 8% 
Conversion Loan durmg the year has not yet been reaUsod by tho Institute a Bankers awaitmg 
certifloate of exemption of income tax, for which appkcation has already been made 
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APPENDIX VI 

IMPERIAL CHEMICAL INDUSTRIES (INDIA) RESEARCH FELLOWSHIPS FUND 

Rs A P lU A P 


To BaUnoo 

Reieipt duniiK the 


11,612 
21,fiH5 i 


By Fellowships and contingencies 
Admiiiistrulion 


24,077 

1,316 


0 0 


APPENDIX VII 

INDIAN SCIENCE ABSTRACTS RESERVE FUND 


To Ralancn 

iSot apart for com 
pletmg ' Indian 

ac lonce A bstrac ts ’ 
m the budget csti 
matOB for 1946 47 


16,532 0 0 


16,682 


16,632 
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APPENDIX VIII 

ACTUALS FOR THE YEAR DEC 1, 1946—NOV 30, 1947 AND BUDGET 
ESTIMATES FOR THE YEAR DEC 1, 1947—NOV 30, 1948 


Ordinary Rectupta 

Membore’ »ubBonptionfl 

Sale of Authoni ropiea and piiblicationa 

Intoreut on Inveetmente 

Grant from TJmversities 

Donation 

Contribution from General Fimd 


Extraordinary Receipln 

Admission Fee 
Compounding Foe 


Ordinary Payments 

Prmtuig of Publications 
Printing and Stationery 

Contribution to other lienee Acadonuos under Rule 19 

Postage and Telegrams 

Office Equipment 

Advertisements 

Servants' Liveries 

Misoellaneous Expenses 

Rents and Taxes 

Subsonption to Indian Standards Institution 
Freights, Cartage and Conveyance 
Bank Charges 
Audit Fee 


Budget 

Actuals Estimates 

1946 47 1947 48 

Rs Be 

6,082 8,000 

49 100 

1,164 1,300 

600 600 

4,402 2,000 

6,46J 2,640 

17,640 14,640 


480 480 

648 430 

1,028 930 


6,100* 6 100* 

3,207 2 000 

84 720 

1,000 2,000t 

4,837t 1 000 

727 600 

330 200 

882 500 

308 1,300§ 

250 250 

800 800 

65 70 

50 100 

17,040 14,540 


Bxtrttordmary Payments 

Funding of Admission Fee and Compounding Fee 1,028 


* In addition to Government of India grant 

t Excess due to publications to ho despatched to foreign countries (for the past years) 

X Excess over Government of India grant for Office equipment and coat of transfer of offleo 
from Calcutta 

{ Includes rent of Calcutta Office for the last year 
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DISTRIBUTION Of WATER VAPOUR IN THE ATMOSPHERE OVER AGRA 
By N K Saua, D Sc , University of Delhi 
(Communicated by Di R G Majuindar, FN I) 

(Received March 18, read Augud 4, 1947) 

§1 Statement of the Problem 

It ifl woU known that the presence and distiibiltion of water vapour m the 
atmosphere over any place is of supremo importswico m determining meteorological 
conditions of the place The air contauung water vapour being subjected to con- 
veotional or advoctional prooesses gives rise to a rich variety ot meteorological 
phenomena resulting from the condensation of the water vajioiir Further tho 
distribution of temperature at different levels of tho atmosphere is (losely related to 
tho distribution of water vapour The works of Gold (1009), Humphrey (1909), 
Emden (1913) and Simpson (1928) have definitely established that the gases of tho 
atmosphere allow almost free passage to the solar radiation to the surface of 
tho Earth, but the long wave radiation emitted by tho heated earth is absorbed 
strongly by the water vapour and other gases of the atmosphere, which m turn, 
by radiating out their ohaructenstio wavelengths form a condition of radiation oqm- 
hbrium and mamtam the observed distribution of temperature of the atmosphere 
For all quantitative approaches to tho problems of Meteorology arising out of 
condensation of water vapour and those depending upon tho meohanism of tem¬ 
perature distribution m the Earth’s atmosphere, an exact knowledge of the distribu¬ 
tion of water vapour m the different layers of tho atmosphere is therefore essential 
To cite one example, we may mention tho classical work of Simpson (1928) on tho 
calculation of terrestrial radiation Simpson has assumed that at tho base of the 
stratosphere the air is oompleUdy saturated with water vapour ami withm the 
stratosphere the water vapour forms a self (onsistent atmosphere of its own, 
according to Dalton’s law of pressure distribution, supported by the saturation 
pressure at the base 'From what follows m this paper, it appears, however, that 
the relative humidity at the base of the stratosphere (over Agia) does not exceed 
11% Further the complete absence of convection and turbulence whiih is 
a necessary condition for the formation of a self-consistent water vapour atmosphere 
within the stratosphere is also probably doubtful, as has been shown by the works 
of Maris (1929) according to which the diffusion oquihbrium of the atmospheric gases 
does not completely sot in below 160 km height 

Experimental measurement of the water vaiKiur content of air cannot un¬ 
fortunately be successfully made up to a great height of tho atmosphere The dry and 
wet bulb thermometers which are ordinarily employed for such measuronients at 
the surface become meffeotive at higher levels duo to condensation of water vapour 
and deposition of ice particles on the wet bulb Tho ham hygrograph m a rapidly 
ascending (Dme’s) meteorograph is therefore commonly used m upper air soundings 
But the ham hygrograph has got inherent sources of inaccuracy duo to its 
very uncertain time-lag m responding to the relative humidity (R H ) of the 
surrounding air This error can be partially ehminated by taking the hygrograph 
record both m ascent and descent of the mstruraent But the greatest uncertamty 
of the hair as R H -mesisurer arises out of the fact that its properties m this respect 
'have not been studied at such low temperatures as occur at the high levels of the 
atmosphere 
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An ap])roach to llio thoorotioal oaloulation of water vapour ^ogtent of the at 
moHplu'io lit (liDfereiit layers presents no loss difficulty The theoreffcal calculation 
might appear principally easy Assuming that a thorough mixing of the at 
mosphonc gases takes place at all heights beginning from ground at least up to the 
base of the stiatosphoro, we»can take the same percentage proportion of water 
vapour to exist at all heights as at the ground (for Agra the average proportion of 
water vapour at ground is about 2% by volume) The rate of fall of water 
vapour with height will then follow the law of fall of barometno pressure with 
height We are however led to a paradoxical result if we proceed on this Imo (vide 
§4) h or example, with the upper oir temperature data of Agra (§2) and the observed 
avtrage vapour pressure at ground at Agra /q =- 17 8 mb we got the following 
results by the above method 

Taulb I 

* 0 2 4 6 8 10 gKm 

remj erature 11 6 16 0 3 6 -6 5 —17 0 -33 0 “C 

BlEa 1 0J» 0 17 0 087 0 036 0 009 

///o I 0 79 0 626 0 49 0 37 0 28 



Fig 1 Air Temperature at difierent heights over Agra from Dine’s Meteorograph Ascents 
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where E and / are the saturation pressure and the oalcnlated water vapour-pressure 
at the height z, and Eq and fo the oorresponding quantities at the surface It is 
seen that the calculated vapour-pressure at any height far exceeds the saturation 
pressure, which, as is well known, is soh'ly determined by the temperature prevailing at 
the height This difficulty has led to the concept that unlike the other permanent 
gases Nj and Og of the atmosphere, an mdependent water vapour atmosphere cannot 
really exist The vertical temperature distribution of the atmosphere sots a limit to 
the free diffusion of water vapour into higher levels The air temperature decreases so 
rapidly with height that the total amount of the water vajHiiir at the ground, if 
allow^ to diffuse freely mto the atmosphere would begin to condense at a small 
height above the ground and will partially return to tho ground as precipitation 

The India Meteorological Department employs the hair iiygograpli in their Dmo’s 
meteorograph ascents for recording the R H of tho upper air Tho method is obvi¬ 
ously subject to the bmitations mentioned above An examination of tho data 
obtamed by meteorograph ascents over Agra duruig the year 1932-35 shows that none 
of the hair hydrograph records goes beyond the height of 10 gKm and 80% of them 
terminate at 8 0 gKm As this height fads far short oi the height of tho stratosphere 
over Agra (about 17 gKm ), there is at present no means of direct measurement of tho 
distribution of water vajHiur near about tho stratosphere over Agra Probably a 
substantial improvement m the matter cannot be effected unless tlie hair hygrograph 
IS replaced by a radically different instrument • capable of greater precision In the 
absence of any such instrument, it is considered worth while to loview the oxistmg ob¬ 
served data regarding tho distribution of R H up to 10 gKm and to try, as a tentative 
measure, if any general law on the distribution of water vapour with height can be 
arrived at This is the purpose of the present paper A tlioorclKal didiution of 
the observed distribution is also attempted and t!io diffii iiltics ot any such 
deductions are discussed It is shown hero that the observcxl distribution of 
water vapour pressure can bo satisfactorily explained up to 9 gKm on tlio theoretical 
basis if the variation of lapse rate of temperature with height is rigorously taken 
into account 

§2 The Exfrbimbntal Data 

For details of the form and specification of Dmes Meteorograph adopted 
by the I M D , reference may be made to tho departmental pubhcations me hiding 
the ‘Upper Air Data ’, vol VI to vol X, Part 14 Eight complete sets of data out of 
the entire observations taken dunng tho period 1932-30 were selected The basis 
of selection was that (i) the day of tho meteorograph ascent was, as far possible, 
a cloudless and imdisturbod day, and (u) the dota selected refem d to a stratosphere 
of type I, t^t IS, where the stratosphere began with a well-marked temperature 
inversion The height of the stratosphere was taken as tho height of tlie beginning 
of the zero lapse-rate Tho tune of all ascents was between 1100 and 1300 GMT 
The mean observed temperature and n»lativ6 humidity as obtamed from the 
above ascents are shown m the columns I, 2 and 4 of table 2 and Figs I, 2 and 3 
Fig 1 represents the observed distribution of temperature with height from three 
typical flights Fig 2 shows the mean height-temperature curve (mean of tho eight 
sets of data selected) Fig 3 shows the distribution of observed R H with height As 
the mean error of obsorv^ temperature of Fig 2 does not generally exceed 1%, the 
smooth temperature distribution curve of Fig 2 is perhaps fairly accurate From this 
curve the height of the stratosphere over Agra comes out to ho 17 0±0 3 gKm 
(as the year’s mean) Tho average lapse-rate of the atmosphere assumed jierfeotly 
polytropio between the ground and the stratosphere would be given by the dotted 


* The method employed by the USA Meteorological Department in their Radiosonde 
ascents, I understand, depends on the ohan» of electrical reelstanco of LiCl solution with absorp¬ 
tion of water vapour and appears to be yielding good results. 
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straight hno of Fig 2 and is about 6 6®C /gKm It is seen clearly that the actual 
height temperature curve is not strictly Imear From the up to about 

4 8 gKm (which is roughly the level corresponding to 0°C ) the temperature dimi¬ 
nishes marc rapidly with height than given by the average lapse-rate, higher up 
up to about 11 gl^ the actual lapse-rate is less than the average and above 
this height the lapse-rate again exceeds the average till the base of the stratosphere 
IS reached, above which the lapse-rate is zero or negative We shall return to this 
point later 



Unlike the measurement of temperature, the error of measurement of the R H 
is very considerable for reasons already explamed m §1 Only a very rough height- 
R H curve can therefore be drawn throu^ the observed points as shown m Fig 3 
The mam features of the curve, however, seem to be fairly unambiguous There is 
a rapid merease of R H fiom the ground up to about 2 0 gKm and then a very slow 
nee up to about 6 0 gKm (which, it is noteworthy, is very near to the height of 0®C ) 
Afterwards the R H dimmishee almost Imearly up to 9 0 gKm The R H at any 
level depends upon the amount of water vapour present at the level as well as on ita 
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Table 2 



temperature The rapid uicreaee of R H from ground up to 2 0 f Km seems largely 
to be an effect of rapid fall of temperature over this height The variation of satura* 
tion pressure of water vapour with height (Fig 4) shows a oorrespondmg largo rate 
of decrease of saturation pressure up to 2 0 gKm The region between 2 0 gKm and 
6 0 gKm contains probably tho ‘Perturbation Zones due to condensation’ in the 
sense m which SOring uses this term Here m spite of a lower lapse-rate of tem¬ 
perature which would tend to decrease the RH with height, it increases at a slow 
rate due to mfluenco of the ‘ condensation zones ’ Between 5 0 gKm and 100 gKm 
the lapse-rate of temperature is agam on tho mcrease But the effect of rapid 
decrease of actual amount of water vapour with height more than compensates the 
effect of mcreasmg lapse-rate and the result is a steady fall of R H with height 
observed between these levels Quahtatively wo are therefore led to the conclusion 
that above the height of 5 0 gKm the amount of tvater vapour present diminuhei rapidly 
With height but below this height the fall is less rapid on account of Ike influence of the 
condensation zones 

Tho (observed) vapour pressure at different heights obtamod by multiplying 
the saturation pressure by the observed R H at the corresponding levels are shown 
by tho crossed pomts of Fig 4 and Fig 6 The dotted curve of the figui es represents 
the observed variation of vapour-pressure with height It does not show the irre¬ 
gularities of the R H curve of Fig 3 The rapid mcrease of R H with height up to 
2 0 gKm makes itself apparent m the slow rate of relative decrease of vapour-pressure 
with height m the very low levels (not shown in Fig 6) Tho more rapid relative 
decrease of vapour-pressure m high levels is to be ascribed to almost constant or 
steadily falhng R H with height above 2 gKm 


§3 Thb Dboebase op Water Vapotjb Content op the Atmosphere 
WITH Height 

Early attempts at generahsation of the observed variation of the water vapour- 
pressure with height have led to the important result that the ratio of vapour- 
pressures at two given heights is practically constant and independent of tho vapour- 
pressure at the surface Thus Surmg has shown that the average fall of vapour- 
pressure at 2 0 Km height relative to vapour-pressure at the ground, i e /*//o is 
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about 50% both in Switzerland and m Ceylon, although the surface variour- 
pressuro in Switzerland is 9 mb and that ui Ceylon 29 mb ratio for Agra 

\Mth (/o = 18 7 mb) our present data (table 2) comes out to be 68%, wSoh 
confirms Sunngs generalisation This result has given clue to the empirical formula 
of Hahn and of SOrmg which express the vapoui -piessure as a function of height 
above sea-levol 



f Hergesell (1919) based on a careful series of measuiements 

of R H up to 4 0 Km height at Lmdenberg is 

4 = 3 119 . (1) 

1 833+1 603 “ (percent) (2) 

where 4 = vajiour pressure m mm at the level havmg the air temperature of 
<°C or T°K The relative humidity (%) at the level mR = lfl loo, E = saturation 
pressure at the level m mm given by the formula (Soheel) 

£ = 4681 .«‘*'®®*'^^min. 


( 3 ) 
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The constant 3 119 mm is obviously tho vapour-pressure at the level of 0°C tem¬ 
perature Formula (3) makes it clear that the saturation vapour pressure is deter- 
mmed solely by tho tempuatuie of the level Similarly (1) and (2) indicate that 
the vapour-pressure and tho R H are apparently reducible ultimately to a function 
of the temperature alone 



Fio 6 CompHrisoii of Oalciilatod and obaervod woter vapour proRBiire at Agra 

With the constants of the formula (1) and tho observed temperatuie-data over 
Agra as given in table 1, the vapour-pressure at different heights over Agra is calcu¬ 
lated by Horgesell’s formula (1) Tho results are shown m column 6 of table 2 
For Agra t = O^C at the height 2 = 47 gKm Tho calculated values of / are there¬ 
fore given only for the levels 5 0 gKm and above, as Hergesell’s formula would be 
vahd only above the condensation level Considermg the macouraoies of the 
observed v alues of R H, tho agreement between the observed and the calculated 
values 18 good Hergesell has asserted that his formula would be roughly vahd for 
all latitudes and up to a very low temperature (very great height) The agreement 
seen here between the observed and the calculated values of / makes it probable 
that Hergesell’s assertion is correct 

At the level of 0°0 (about 4 7 gKm ) over Agra, tho observed R H is ~'63%, 
the saturation pressure £o = h 1 . w^ch together give tho pressure of water 

vapour at this level = 3 9 mb Hergesell has taken tho value of = 4 16 mb 
The agreement is agam afttisfaotory 

It 18 , of course, not possible to test the accuracy of Hergesell’s formula with our 
scanty data Nevertheless, a recalculation of the constants of Hergesell’s formula 
m order to fit our observed values of / at Agra at 7 0 gKm level gives the constant 
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26 !)0 (= j8) instead of Hergesell’s value 23 663, takmg <^o 9 mb as obtained 

above Wo thus arrive at the formula 




^o = 3 9mb 1 
/3 = 26 90 1 


The values of / calculated from (4) are shown m column 7 of table 2 These 
show very close agreement with the observed values m column 5 

The stratoHjiheric temperature over Agra (at ~17 gKm vide table 2) is ~ —79°C 
Using foi-mula (4) the vapour pressure at the stratosphere comes out to be 
mb The saturation vapour-pressure at —79°C is ~() 61 10~8 mb 
(over ice) * The R H at the stratosphere therefore comes out to be ~11% 


§4 Tnterprktatiok of thb Empirical Formula (4) 


Assummg a polytropic atmosphere with a linear fall of temperature with 
height, we can vvTite 

T = To-y^ (4a) 


where y = lapse-rate of temperature m “C /gKm , 
surface, T = temperature in "K at the height z gKm 
p at the height z is then given by 


fo = temperature m “K at the 
The pressure of the atmosphere 


where po = pressure of the atmosphere at the surface (sea level), = the mte- 
grated mean tempeiature defined by 


T- 


<h _ 
T' 


-H'-r) 


(6) 


E = 2 87 10* ergs, and g = acceleration duo to gravity (assumed constant) Assummg 
further that a thorough mixing of the atmospheric gases exists at all levels from 
ground to the stratosphere, the relative fall of pressure with height of any component 
1 of the atmosphere would be the same as that of the total atmospheric pressure as 
given by (6) We can therefore write for the vapour pressure / of the component » 


/<//.» ==J»/Po = e 

Now calhng = water vapour pressure at the level with temperature I 
T = 273°K = I /a, we have from (6) and (6) 

Further the formula (4) can be written in the form 


(7) 

OT. 


( 8 ) 

(9) 


Washburn, ItUtmcUumal Crti*(ial Table, Volume III 



N K. SAHA m8TBIBtm0N0FWATEBVAJP0UBlSTHEATM08I>HKBB0VBBAGEA 267 


where » const ■= 26 90 Now the temperatures between the ^romid and the 
stratosphere at Agra fall withm the range T = 300“K to 173°K, or m = ll^jT bes 
within the range 0 91 to 1 673 Now smco 


In M = (u-l)-J(tt-I)s+J(u-l)a_ 
the equation (9) reduces to 

e 

m the first approximation We have therefore 


(for 2>M>a), 


fi 




It 18 clearly seen that the ratio/, <//( uould increase gradually with increasing height 
as T decreases This means that if we use (H) for calculating /, m terms of the 
calculated values would show more and more disagreement with the obsei \ ed values 
(which are reproduced more or loss by/<^) as the height mcreases That this is a fact 
IS clearly seen from table 3 given below 


Taucii. 3 


* gKm 

0 

(J 

7 

8 

0 

10 

f obe 

34 

23 

1 4 

071 

(1 30 

~ 1 10 mb 

/ oalo 
from (8) 

3 82 

3 41 

3(1 

2 07 

2 2(> 

1 94 mb 

/aUc-Z/ota 

1 1 

1 0 

2 1 

35 

7 5 

~I9 

(273/2’)* 

1 08 

I 0 

226 

4 0 

7 4 

106 


The calculated value of vapour-pressure is seen to be 1 6 tunes the observed value 
at 6 gKm and more than 10 times that at 10 gKm height The ratio /caic //oi» 
agrees fairly well with the values of (273/2')^, which proves tlie essential correctness 
of our calculation 

The reason for the discrepancy between the observed and the calculated values 
cannot be asonbed to the perturbing effect of the oondraisation zones which possibly 
comes mto play only at lower levels The reason must be more fundamental 

One source of macouracy remams m our calculation of (5), namely, a uniform 
lapse-rate of temperature y has been assumed at all heights This, in reahty, does 
not hold, as can be seen at a glaflce from Fig 6 The average lapse rate over ±(*5 
gKm for different heights between the surface and the stratosphere has been calcu¬ 
lated from Fig 2 and plotted m Fig 6 The curve shows a pronounced muiimum 
(y»w4°C /gKm ) at about 6 gKm wLoh is very near to the .©“C level, and probably 
another minimum at about 19 gKm At 17 0 gKm (stratosphere), y =i 0 Between 
0 and 3 gKm and agam between 10 and 13 gKm , y has got a very high value, about 
8®C /gKm (vide §2) The effect of variation of y on (6) cannot be readily seen from 
our previous formulae, as (4) and the mt^ration of (6) woidd no longer hold when 
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y IS a variable But as the nature of the function y = f{z) is not known, only the 
particular cases that may arise in practice can be treated sepanMih 





Fio 0 Variation of Moan Lapse rate of Temporature with height 


§6 Vapoub-Psbssurh as a Pvnomon of Tbmpbbatukb and Lapsb-ratb of 
Tempbbatdbb 

Let f,T = pressure, temperature at the upper level 2 gKm , 

/i, Ti = „ „ the lower „ 2i~4 7 gKm (m this case 

at level with = 273°K), 

y = lapse-rate of temperature m ®0 /gKm , 
t, <1 = temperature m ®0 oorreepondmg to jT'K, 7’i°K respectively 

Case I 

y «= constant, ( = < 1 —y(*—*i), 

f dz ^ r _d2_^ f d(z—2i) __^^ l+afi-ay(2-2i) 

J 1 +«« J 1 -1-afi -«y(2—Fi) J1 +ati—ay(z—zi) ay 1 -J-o/j 

*1 *1 ® 
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The usual formula for vapour-pressure analogous to ( 6 ) takmg aoooimt of ( 6 ) 
IS then ’ * 


1 f* 

£fj H-oU 


T’ 


where H = ^ 

g 


go. 


(12) 


The empirical formula (4) can be put mto the iorm (9) comparable to (12) 

e-26 90inf^ ]nl=_26 90hi^ (13) 

Case II y 5 ^ corwi, but is a linear function of z The average y(*) botw eon Zi and 
*, (where z > Zi), is given by 


y(*) 


yi+i 


fdz =y,-l-ly( 2 -«J, 


(14) 


But ^ = y = const, < =li-y(s:-*i) = <i-yi( 2 - 2 i)-| (*-* 1 )*, using (14) 
The jiressure mtegial then becomes 


Let 


I 


dz 

\+(Xt 


f, 


_rf*_ 

1 +«<i-ayi(*-«j)-a I (z-zi)* 


z—Zi, then the mtegral 


I 


r dx 

I a-fftaj-l-ca:*’ 

*0 


(16) 


(16a) 


where a = 1 + aJ, 6 = — «yi, and c = — ^ • In evaluatuig this mtegral, two cases 
may arise 

( 1 ) If 6 *—4oc > 0 Then 


I 


[ 

{ 


dx _j _ 4c (fa _ 

a+bx+cx* ~ J (6-)-2ca;)*—(5*—4ac) 

P 6+2c», 5 * = 6 *—4ac, tfa = ~. 


With the above meanmgs of o, b, c, the condition 5* > 4oc is satisfied automatically 
when y is positive For^ft* « a* y*, 4ac = —4(l-fati) ^ = —2a* Ty y, *Now 

6 *, a*, Ti are all positive quantities Henoe if yj is positive, Aac must then be 
a negative quantity, and hwice smaller than 6 * The converse is, however, not 
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neoeessnly true If yi is a negative quantity (lapse-rate of tu pper ature decreasing 
with height, as towards the stratosphere), it does not follow^ neceffiahly that 4oc > 6*, 
although then 4<ir is a positive quantity The question remains to be exammed 
separately Now for 6*—4ac > 0. 


/ = 


2dp _ 1 f*" 1 

\^p‘^-q*~ q]^p-q~q 


“ q (p+g)(6 


-q) q L 


>-*)] 


Now p—h = 2cx, pb — l^+2bcx, g* = 
Then substituting these above 


(pl>-q*)-q(p- 

6*—4ac, whah give pi—g® = 2c(6r+2o) 


1 r 2q2cx -] 

” g " ^2c(6a;+2a)—g 2ca:J 


x(6+g)+2a 

x{b—q)+2u 


To come to the special case (y = const, y = 0, c = 0), from the general solution 
(16), put c = 0, then g = 6 Hence from (16), 


which at once gives results identical with (12) Now retummg to the general case 

( 4^W5\ ^ucjt 

1 —p-j , qx S bx -5"“^ approximation 


(«+6a:)-f (tt+ga;) , 
” 2a+a:(6-g) 


g[_ « 

»L .+?J 


'6(a+6a;) ~j 

J 

cxTi- 


Hence finally usmg (18) for the mtegral m (12a), we get the vapour pressure formula, 
to “ where H = — 


—gx 


»L H-¥J 


It IB easy to see that the quantity y m ^ is dimensionless The first term m 
the square bracket is the term correspondmg to constant lapse-rate. The second 
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term la the contribution from linear variation of y with z We are confining, 
however, ourselves to the case y = positive, i o to the ascending portion of the curve 
y agamst z Analysis of observed data (Fig 6) shows that this occurs approximately 
between 4 7 gKm and 9 gKm withm the whole range of height fiiom surface to the 
stratosphere 

At 4 7 Km level itself, the curve has got a mmimum (corresponding to the con¬ 
densation pouit), y = 0, fxjb = 0 Hence the second term m (18) vanishes Agam 
T = 7'i = 273°K, hence the first term is also zero, or / = 0, /, _ 

It 18 perhaps best to evaluate the second term m (18) numerically by using the 
experimental values of T, y, y lor a number of levels between 6 gKm and 10 gKm 
From the curve in Fig 6 it follows that between 5 0 and 9 0 gKm , and roughly 
up to 10 gKm , yji^rr /gKm *, = 4°{' /gKin (at 4 7 gKm ) Then putting the 

numerical values « = = 0“C , we have q = —0 0860, rjh 6 = —0 0146 

Further with the obseived temperature data of the diffoient levels given m table 2 
and putting x = z—zi, zi = 4 7 gKm , wo obtam from (19) the results shown in 
the second i ow ot table 4 below The calculated values of /, (.w'lth <^,^=3 9 mb ) 
and the corrosiiondmg observixi values aio also given m the last two tows of the 
same table and jilotted m Fig 5 


Taulk 4 


* 

50 

(10 

7 0 

SO 

9 0 10 0 gKm 

{/M ceb 

(I 890 

0 (>0 

0 394 

0 24 

(1 129 <-0 01 

Uil'f’ic) “ba 

0 87 

0 59 

0 36 

0 19 

0 077 0 920 

ElEo 

0 02 

0 07 

0 40 

0 27 

0 13 0 040 

Ui) calc 
from eqn (19) 

3 47 

2 34 

1 53 

0 93 

0 50 0 166 mb 

(U) obs 

14 

2 3 


0 73 

(130 ~0 10 mb 


The observed values of /where <f> =39 mb are given in the third row and 
the ratio of the saturation prossuie at difleieiit levels to that at 4 7 gKm (^o = b 1 
mb ) m the fourth row The agreement between the calculated and the observed 
values oifJ<f>^^ is surprisingly good up to 10 0 gKm except at 9 and 10 gKm where 
the calculated va],our pressures a]>pear to be somewhat larger than the observed 
values But in view of the luioertauity of the observed values the agreement can be 
regarded as satisfactory The calculated v uluos of/ are further seen to bo smaller than 
the saturation pressure at all levels up to 10 0 gKm A major difficulty of all previous 
theoretical calculations of vapour-pressure (vide table 1) based on the assumption of 
a self consistent water vapour atmosphere from the ground upwa, Js thus appears to 
be removed 

Botuming to the solution of the general mtcgral of equation (16), the second 
case that may arise (i®—4«c<0) cannot he compared with experiment for lack oi 
data and is therefore not attempted here 

It 18 further noted from Fig 6 that above 10 gKm height the temperature lapse- 
rate y tends to a constant value up to 13 gKm A calculation oi from (18) 
usmg y = 0 leads to much higher values at these heights than E/Eq The observed 
values at these lo\ ols are, however, consistenth lower than E/Eq The disagreement 
between the observed arid the oaloulated value at these levels is significant It is 
iKJSSible that some new mechanism which arrests further morease of y with moreasmg 
height modifies the basis of our calculation altogethei As a possible cause for the 
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new mechanism may be mentioned the rapid mcrease m the horizontal wmd velocity 
between 10 and 13 gKm over Agra as shown by Sur (1931) Bbaathe data obtamed 
from long pilot balloon flights over Agra The rapid mcrease m wmd velocity above 
10 gKm may give rise to the mechanical turbulence (Massenaustausoh) This is 
not the turbulence caused by the surface distortion of the stream hne flow of wmd 
due to ground resistances or temperature differences, but it is a hydrodynamical 
property of the fluid flow m which mixmg of fluid masses of different layers takes 
place 

In conclusion, I wish to thank Professor D S Kothari, Ph D , and Dr R O 
Majumdar, Ph D , for many helpful suggestions and the India Meteorological 
Department whose pubhcations on the ‘Upper Air Data’ I have made use of 

Summary 

Die moan distribution of temperature between ground and 23 gKm height over Agra and the 
mean distribution of water vapour pressure up to 10 gKm height are obtained from an analysis 
of data from solected Dme’s meteorograph ascents over the station It is shown that the observed 
distribution of vapour pressure of water is qmte accurately given by an empinoal relation of the 



expression givmg variation of water vapour pressure with height is derived takmg into account 
the observed variation of lapse rate of temperature with height The results calculated from 
this expression show good agreement with the observed distribution of water vapour nearly up to 
10 gKm height At higher levels there is a discrepancy between the observed and the calculated 
pressures Probably the basis of out calculation is modified duo to the influonee of liydrodjmami- 
cal turbulonio caused by rapid increase of wind velocity at very high levels 
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STUDIES m THE PHYSIOLOGY OF RICE. 


IV Thb Effbot of Photopbmodic Induction on Nitrogbn Metaboiish 
OF Winter Paddy 


Ry S M Sircar and B N Db 
(C ommunicated by Prof P Panja, F N 1) 

{Received October, 14 , read November 7, 1917 ) 

Introduction 

Previous investigations (Sircar, 1942,1946) on vernalisation and photopenodism 
of rice have demonstrated the effectiveness of short days in inducing earhneas, 
increased growth-rate and gram-yield In the prohmmary work (Sircar, 1942) 
the application of 8 hours photoperiods to plants at an advanced stage of the 
vegetative growth has resulted in a significant mcreaso in tiller number and an 
earlmess of ear emergence In a subsequent work (Siroar, 1944, 1946) different 
photoperiods have been applied to seodhngs m seed bods, as the application of the 
method m field practices is possible only by the treatment of seedhngs before trans¬ 
plantation Of the seed b^l treatments for varying periods an exposuie to short 
days (ff_8 and 10 hours for 6 weeks duration uiduoes maximum earlmess and m- 
creasod grain yield Tiller number during the vegetative period is mamtained at a 
higher level than m the control 

In order to understand fully these effects of photoporiods m accelerating 
flowering and growth-rate of rice culminating m mcreased gram yield investigations 
on the metabohe changes of the plants subjected to different treatments have been 
undertaken m this laboratory The mam physiological processes that have been 
studied for those effects are carbohydrate and mtrogen metabolism The work on 
carbohydrate metabolism earned out by S amantarav 11942 1 has shown that the 
photoperiodic treatment mcreases the dry weight of the plant and that at the end 
of daily photoperiod the earher leaves show greater accumulation ot total sugars 
than in the control, while there is a fall m the sugar content m the leaves formed 
later during the life of the plant The accumulation of sugar in the earlier leaves 
has been found to be associated with more production of tillers at these stages, 
while a fall m sugar content m the leaves of later stages is related to the translocation 
of sugars to the developing ears Surprisingly enough it thus appears that the 
reduction in day length from normal dayhght of about 13 hours to 10 or 8 hours 
has not reduced the p^iotosynthato formed, on the contrary the apphcation of a 
suitable photoperiod htfe been found to stimulate the plants to pri^uce mcreased 
dry matter ^ 

The biochemical oEanges of plants subjected to photoperiods have been deter- 
mmeA by Arthur, Guthne and Newell (1930), Eckerson (1932), Hard Karrer and 
Dickson (1934), Murneek (1937), Nightingale (1927), Tmcker (1928) and Parker and 
Borthwick (1639) Some of these workers have attempted to oxplam the photo- 
periodic response by the relative amounts of carbohydrate and nitrogen compounds 
of the plant, generally known as the C/N ratio Suggestions have been made that 
transition from the v^tative to the reproductive phase is brought about by an 
aooumnlation of oarbimydrates or by an excess of carbohydrate over mtrogen 
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compound Tincker (1928) from studios on chemical <6 pmp oBition of several 
economic plants which have been submitted to the troatinent of different photo 
periods has come to the conclusion that there is considerable correlation between 
chemical composition as expressed by this ratio and the behaviour of the plant to 
varying periods of daily lUumination The investigations of Nightingale (1927) 
and Etkerson (1932) have shown that the length of day influences the production 
of redui tase, the enzyme responsible for the assimilation of mtrato nitrogen The 
ictivity of tlio enzyme is to convert excess carbohydrate and nitrate nitrogen into 
orgamc nitiogen and thus a proper balance of C/N ratio necessary for the transition 
to ropioduitivo growth is maintained Parker and Borthwick (1939) repoited 
that in soyliean total nitrogen and soluble non-protoin mtrogeii were liighor in the 
plant receiving H hours photoporiod than m tho control Carbohydrates weio 
lower tlian in the lontrols with the exception of starch in the loaves which was 
higher The effects of the short and long day on the chemical composition of the 
loaves of young wheat plants wore studied by Hard Karrer and Dickson (1934) 
Early flowering in long days was found to be associated with highest carbohydrate 
and lowest nitrogen pci cent m the loaves But this resulted in a very low yield of 
grain in one variety, Turkey On the other hand, the vegetative plants of tho short 
day treatment showed highest nitrogen and lowest carbohydrate per cent and these 
were associated with go^ grams in Hardfederatton and with sterility in Turkey 
The conclusion was drawn that there was no relation between the carbohydrate and 
mtrogon contents on subsequent gram-yield Murnoek (1937) working with Biloxi 
soybean lopoited that changes m the relative amounts of carbohydrate and mtrogen 
compounds do not appear to be of sufficient magmtude to account for tho initia¬ 
tion ot flower pitmordia For satisfactory fruiting, however, he suggested that 
a favourable n lationship between carbohydrate and mtrogen compounds may be 
essential 

In some of these investigations plants were grown throughout tho season m 
different photoporiods and changes m the chemical composition of the plants noted 
In others luochomical changes were determined before and after transfer to vanous 
photopoiiods Such studies permit a comparison of the mfluence of different 
photoperiods on chemical composition of plants, but would not nocossarily explain 
the causal mechanism of pbotofieriodic response as m most of those cases photo- 
pcncxls wore applied and tho chemical composition determmod when the plants 
wc re already at an advanced stage of development Attempts have been made ui 
this laboratory to approach tho pioblem m a different way Fhotopenods necessary 
for the aci delation of flowering have been a pplieii in fhii l-wj-rwrPl after trans¬ 
plantation tho chemical composition of the plant doterminod at fioquerit mtervals 
with a view to ascertam the differences m the metabohtes pioduced A differ ence 
m tlio chemical composition of the plants from the early stages before flower iniitar-' 
tion takes place is hkely to give a clue to the nature of tho substances formed during 
tho treatment Recent investigations have indicated that photoperiodic response 
of the growing points is not a direct result of tho light action but is due to the forma¬ 
tion of certain su bstances in the leaves whic h on transmission to growing pomts 
participate in flowering This paper embodies the results of a preliminary work 
m tho mtrogon metabolism m the leaves of nee subjected to a photoperiod in the 
seed bod 

MATBBIAIi AMD MBTHOD 

A pure strain of winter paddy variety Bhaeamamk was used m this investigation 
After sterilisation with 0 2% formalin seeds were sown m earthenware seed beds, 
15'X 6', on May 28, 1943 Fhotopenods of 10 hours for 6 weeks duration were 
apphed to 7 days old scedhngs with two leaves They were exposed to the natural 
day length from 7am to 5 p m and for the rest of the day and mght they were 
kept m^e a well-ventilatod light-proof house The control seedlmgs were grown 
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in n&tural day lenj^th The seedlings from the treated and contiol seed beds were 
transplanted in field plots measuring 12'x 12' on July 18, 1943 


Analytical Methods 

The first sample for (hcmnal analysis was taken at the end of the light period 
(i o on the day of transplantation) and loui more samples at different ages of the 
plants were analysed 

For Die analysis of si'odhngs tht wliok plant (sevtral taken at random trom 
the seed bo<l) was uprooted and brought to the laboratoij btfoii Sam The root 
system was removed and the shoot lut into small bits, and divided into two halves 
Care was taken to lomove the supertu lal moiaturo from the samples with blotting 
paper One half was diioil at 70° to tor 21 hoius and finally at 1()<)°(' for 30 
mmiites, cooled in a dtsictator and woighid The dried halves wcio powdered 
in a mortar, from wliii h total lutiogon was estimated The othci half was thoroughly 
ground with watei in a moitar to a pastr for cstunating soluble mtiogon-fractions 
The oxtrai t was filtered through papei and mad* up to 60 ml with several washings 
in distilled watei by appljmg suction with a filter pump Frothmg was prevented 
by a few drops ol canryl alcohol In this way 07°(, to 98% soluble lutiogon can be 
extracted m this volume of water In the case ol leaves they weie severed from 
the plant at 8 m the morning and immwhately brought to the laboratory and 
divided longitudinally in two equal halves, cut into small bits and tieated as above 
for estimating mtrogeii content Total mtrogon was estimated by Micro Kjohlahl 
apparatus of Paraas and Wagner aa dosonboil by Pregl (1930) 20-30 mg of 

powdered material weie digesttsl by the reduced iron method of Pucher, lA)aven 
wortli and Vickery (1930) adapteil to a Micro-Kjeldahl scale The digests were 
distillwl for 10 minutes with 16 ml of 30% sodium hvdroMdo containing 6% 
sodium thiosulphate and the ammoma absorbed m 10 ml of N/KM) hydrochloric 
acid and the residual acid titrated against N/lOO sodium hydroxide using methyl 
red mdic atoi 

For estimating the total soluble lutrogen, 19 ml of the aqueous extract was 
taken m a 60 ml test tube and 1 ml of 60% tnchlor acetic acid was added to pre¬ 
cipitate protein, it was then stirred and filtered From this protem fiee extract 
aliquot portions are taken and total soluble mtiogen after reduction of mtiatc s with 
reduced iron was determined as above by the Micro-Kjeldahl method 

Protein nitrogen was calculated from the difference between the total mtrogen 
and the total soluble nitrogen content Total amide mtrogen and free ammonia 
were determined by adcqitmg the method of Wolff (1928) The hydrolysis of 
amides was cainod out in a test tube fitted with a long glass tube to serve as a reflux 
condenser, 2 ml of the protom-free clear extract and 0 6 ml of 0 26 A H2SO4 
was introduced and heated m a low flame for 4 hours to cc.Tiplete hydrolysis 
Ammoma was then distilled m vacuo at 4(l°(l after addmg 1 ml of 40% sodium 
hydi oxide 

Free ammonia was estimated by distiUmg 2 ml of the aqueous extract with 
a thick cream of magnesium oxide at a temperature oi dO’C Total amuio-mtrogen 
was doternuned by the Van Slyko micro-ammo apparatus (Loomis and Shull, 1937) 
usmg a reaction tune of 10 mm 


Expebimfntal Results 

The accumulation of dry matter expressed as percent age of f resh wt. m the 
see dlmgs and the Bu aposaive loaves are p r e^nt exi in Table I The results of the 
an^yses of the ddferent rilfrogen ffai tions of the seedlmgs and the ciifferent leaves 
are presented in Table II as percentage of dry weight The results presented 
(Figs 1-4) are without statistical evidence as ihe replicate analysis could not be 
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done Since the data reported here are obtained from a ^resentative number of 
leaves of the same stage of maturity sampled at random frfflTthe field it is worth 
considering the appreciable differences noticed between the controls and the treated 
plants The differences are much greater than what could be ascribed to methods 
of micro-analysis 



Fro 1 


The amount of dry matter in the treated seedhngs is less than the controls which 
received normal day length 

Tabu I 


Dry matttr (% oj Freth vmght) 



Seedlings 

7th leaf 

9th leaf 

1 Growing 
apex 1 

Flag leaf 

Control 

24 31 

81 67 

3S00 

12 76 

31 80 

10 hours for 






6 weeks 

19 68 

83 98 

31 98 

13 92 

32 60 


This decreased dry matter m the treated seedhngs is possibly due to the effect 
of short photopenod which limited the photosynthetic process of the seedlings in 
the seed bed The total dry matter in other treated samples is greater than the 
control except in the 9th leaf where a fall is noticed The increa^ dry weight m 
the treated plant with an increase m the tiller number (18 8 as against 14 6±1 332) 
at about the same time would indicate that the photoperiodic treatment acts as a 
stimulus to plants to jgreater activity After noting the fall^m the dry weight of 
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the 9tli loaf it was found neceMiiar3' to see the londitions of the prowing apex On 
splitting open the sheathing stem it was found that the tip of the axis has just 
formed the rudiments of inJloreBeence This would demand a rapid translocation 
of organic substances prepared in the loaf and would possibly explam the faU m the 
dry weight of tho 9th loaf and a corrtspondmg rise at the growing apex at this stage 
T]ie growing apox of the control jilants was also dissoetod at the same time but 
flower initials had not yet been formed 

The por( entage of total nitrogen (Table 11) in the seedlmgs of the treated and tlio 
control remained more or less the same Alter transplantation the treated plants 
showed a higher total nitrogen than that of the control and this was noticed m all 
tho leaves analysed In tho 7th and Olh leaves tho ilifForonces in the nitrogen 
content between the treated and the controls aro greatei than that ot the flag leaf 
It 18 interesting to note that at the 7th leaf stage the ve getative yrouth of t lie 
treated plasttg^as^indicated, by the till^ niimhei w higliesfUncl to this corresponds 
tho highest per cent'oftotal mtiogen In the control plants also the tiller number 
reaches tho maximum value at the stage when the maximum nitrogen content is 
noticed 

In the growing apox of tho plants recoivuig short photopenod tho pei rentage 
of total nitrogen on dry weight basis is less than that of tho control But this 
difference is not real, as nitrogen content on fresh weight basis is almost tlu same 
in both the cases Although percentage ol total nitrogen is less it has a highcT 
percentage of dry weight suggesting a greater accumulation of carbohydrates It 
IB known from C/N relation that prioi to flowering the tendency of a plant is to 
accumulate inoie carbon compounds than nitrogenous material On this hypo- 
tliosis the growing apox where flower initials are laid down would show a com¬ 
paratively less nitrogen than the control where the flower pnmordia are not yet 
developed 

Tabus II 


analyta (% Dry weight) 


Stage 

1 

Treatment 

Total 

N 

Total 
Sol N 

Protom 

N 

Total 

Ammo 

N 

Ammo 
nia N 

Amide 

N 

Seedling on date of 
transplantation 

Control 

10 hours 

6 weeks 
% changes 

1 9744 

2 Ol 24 
+ 40 

1 1929 

1 8740 
+ 67 1 

0 7416 

0 1384 
-81 4 

1 

Nil 

Nil 

0 0739 

bU866 
-61 8 

7th leaf 

Control 

10 hours 

6 weeks 
% changes 

2 1378 

2 4290 
+ 136 

0 6600 

0 6462 
-2 6 

1 6778 

1 8828 
+ 19 1 


Nil 

Nil 

0 0966 

0 1820 
+ 906 

9th leaf 

Control 

10 hours 

1 0211 

03118 

0 7093 

0 2010 

Nil 

Trace 


6 weeks 
% changes 

1 6718 
+640 

0 3060 1 
-19 

1 2668 
+78 4 

0 2280 
+ 134 

Nil 

0 0142 

Growing apex 9th 
leaf stage 

Control 

10 hours 

3 7682 

1 1022 

2 6660 

0 2934 

Nil 1 

0 1392 

6 weeks 
% changes 

3 6826 
-62 

0 9708 
-11 0 

2 6618 
-3 9 

0 4363 
+ 48 4 

Nil 

0 1426 
+ 24 

Flag leaf 

Control 

10 hours 

1 7117 

0 2937 

1 4180 

0 0660 

Nil 

Trac-e 


% changes 

1 0082 
+ 11 5 

0 3714 1 
+26 4 

1 6368 
+ 84 

0 1460 
+ 161 2 

Nil 

Trace 
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It 18 of interest to note that in the treated seedlings a considerable amount of 
protein is hydrolysed, < onscqucntly the protein level is low Without further data 
it IB dilBcult to decide whither this increase m protem hjdiolysis is duo to mcreased 
demand on nitrogen substantes by seedlings stimulated by the application of short 
photopenod It is also worth considering that m shoit photopennds the photo- 
synthetic activity being liniitod the amount of sugar pi eduction would fall which 
would lead to tin hydrolysis ol protein In the loaves of tho trc.xtod plants the 
protein nitrogen on dry weight basis is alwajs highir tlian that of the control plants 
wlulo tlic'ie IS not niuih difforonci in the soluble nitiogen content This shows 
the incri'asod nitrogen content in tho leaves of the treated plants is motabohsed 
to piotein In the growing apex higlmst pcicontago ot total mtrogi ii and jirotoin 
nitiogcii are noticcxi in both the cases and this is in accordanco with (ho fact that 
new structures as flowers arc to be formed from these regions 

Tfi< values foi total amino-iutrogen of tho seodhngs and the 7th leave s weie not 
obtained as thero was some breakdown in tho Van Slyke apj aratus at those stages 
Table II shows that total ammo nitrogen is greater in the treated plants than the 
controls There is a greater content of total ammo nitiogon in tho growmg apex 
of the treated plant This is largely due to an accumulation of amino acid-iutrogen 
as IS evident by calculating the difference between tho total ammo hgutes and the 
amide figures The value ot tho differonco being (12?(2K% w'hich is higher than the 
value 0 1342% in tho control Free amnioma lias not bwn detected m any of the 
samples analysed in this investigation 

Discussion and roNcmsioN 

IVora the data presented hero it appears that tho pioblem is an extremely 
mtoresting one Furthir work is required to elucidate the behaviour of different 
metabolites after iihotopcricxlic treatment This woik gives a clear mduation of 
changes in tho nitrogen metabolism of the rice plant subjected to photopenodic 
treatment 

The results indicate that mtrogeii metabolism of nro plants is greatly in¬ 
fluenced by the application of a photopenod of lt» hours i n the seed hod and these 
nff ectfl fl.ro i mt -mri nmniiphniit tlin life hifit,Q| - y of the plant Ab ^iutioii of mtrogon 
IS greatly itureasod m tliese plants and the nitrogen absorbeil Ts motabolibed to 
protem The increase m nitrogen content ocem s m coni unction with incre ased 
tillering It is interestmg to note that at the growmg apex of short day plant where 
flower initials have been laid down a largo accumulation of amino acids takes place 
Further woik is necessary to throw light on the nature of amino acids accumulated 
at this stage How far the a< cumulation of ammo^acids is lelateci fo the mitiation 
of flowering has yet to be investigated further Parker and Boithwick (1939) also 
noted a general increase m nitrogen fiactums of stems and leaves of Biloxi Soy¬ 
bean receiving short days of 8 hours On the basis of the datitfor tiUuun{|p-(8ircar, 
1946), percentage of dy weight, and nitiogen content presented here and also 
from sugar analyiiTperformed in this laboratory by Samantaiay (I941^it is clear 
that the application of short dav treatment of nce^wedtings Var" masarnantk 
m tho seed bed for 0 weeks duration stimulated tho plants to mcreased vegetative 
growth and nitrogen content 

Summary 

An expenment it described in which seedlings ot rice Var Bhasamantk wore given 
short days of 10 hours m the seed bed for 6 weeks and subsequently the seedlinm wore transplanted 
in field plots The controls m seed beds were exposed all through to normal day length 

Analysis of nitrogen fractions of seedlings, leaves and growing apices have revealed that 
exposure of soedlmgs to shoH days in sped beds for 6 weeks modifies tho course of nitrogen meta 
bolisra of the plants thruughout the Ufa histoiy Absorption of mtroven and synthesis of 
protein is markedly increased m the short day pfantx With tho imtiation of flower pnmordia 
an aocuniulation of amino acids takes place m the growing apex 
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ON THE COMPOSITION OF STABS OF SMALL MASSES 

JSy N R Sen and U K Bubmj»n, Department of Applied Mathematics, 
University of Calcutta 

(Received Octcher 28, read November 7, 1947 ) 

Abstbaot 

In continuation of u previous paper on the internal constitution of stars of small masses, 
it 18 shown how the liydrogon and helium contents of these stars may be calculated from the 
observed values of their mass, radius, and lummosity, so as to be m complete agreement with 
Botho's energy generation law and other mechamcal and therinodynamical requirements 
for equilibrium It is found that m quite a large number of cases hydrogen constitutes about 
one third of the stellar material while the helium content fluctuates roimd an average of about 
3U per cent 

I iNTBOyUOTION 

Tn a previous paper (Sen and Biirman, 1946), referred to hereinafter as paper I, 
we attempted to calculate the hydrogen contents of stars of small masses on the 
basis of stellar equilibrium under the energy generation law of Bethe and the 
assumption that the helium content of these stars is negligible Such stars were 
assumed to bo built after the Uowhng mcxlel, the guiUotino factor m the opacity 
formula being taken account of by a constant average value This value was 
estimated fiom a previous numerical calculation of a model of the sun with exact 
equations and Stidmgren's table of the guillotine factor m Kramer’s opacity formula 
One of the two points whic.h came out of our calculations was that for a sunlike star 
the central temperature should be taken close to 20 milhon degrees (often lower) 
and the central density much less than that given by the standaid model (higher 
central temperatures and densities would be inconsistent with Bethe’s energy genera¬ 
tion law) Secondly, for the assumptions made regarding opacity and hehum 
content (zero), the above necessary effects could be achieved for a sunbke star by 
assummg hydrogen to constitute about one-third of their composition It was 
found that for stars of small masses with zero helium content any one of the three 
observed parameters namely, mass, radius, and lummosity, could be calculated on 
an assumption of the knowledge of the other two The calculation of the radu of 
the stars of small masses from their masses and luminosities (on the assumption of 
zero hehum content) gave approximate agreements with the observed radu In 
the present paper we have dropped the assumption of zero helium c ontent, and using 
the observed mass, radius, and lummosity of such a star have recalculated its 
h^rogen and hehum contents It is found that the smaU discrepancies m the 
observed and calculated radii of the stars m our former calculations can be wiped 
out by the introduction of suitable amounts of hehum, only m those cases, m which 
the radu calculated on the basis of zero helium content were larger than the observed 
radu Further in these cases complete adjustment is possible by the mtroduotion 
of a suitable proportion of hehum without much change m the content of hydrogen 
The numencal results of the present paper may be considered as supplementmg our 
previous results for the alternative assumption of appreciable hehum m the com¬ 
position of stars of small masses In the present state of our knowledge of the 
composition and mternal constitution of stars oui conclusions based on the first 
approximation Cowling model (as necessarily all speculations of this nature) hare 
indeed a tentative character This point has been tother elucidated m the remarks 
at the end of this work 
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Tn ft lotcnt paper Sc hwarzsthild ♦ (1946) has cnltulated the j^dr ogen and helium 
contents of the sun and has ohtamed much higher values (47 anePWper cents i ospoc 
tively) than those given by our present calculations Schwarzschild has taken into 
considoration the more recent table of the guillotme factor calculated by Morse, and 
his representation of this factoi by an analytical formula has led to a formal modifica 
tion of Kramer’s opacity law which has been written with the jth jKiwer of the 
density p (instead of simple proportionahty with p) thus giving smaller opacities 
llcHidi s, Bi tile’s (neigj generation law has been taken m a form different fiom that 
used by Ret he and other writers in previous calculations, and also assumc'd by us 
in mil picsdit call Illations The diffeunce in the results obtained in this paper 
and those by iSchwarzschild can be traced to these causes 


1 EqUAIIoNS of ini' pROULlM 

For calculations in the present paper, some of the equations given in paper I 
have to be mcxtilicd Foi completeness, however, wci rewrite all the iclcvent equa¬ 
tions here Tlie contignrations, assumed to be built alter the t'owhng model, will 
be governed by the following equations 



(1) 


(2) 


3 pI 

^ [dn nc ^ 

(3) 

with 



(4) 

BirpOH pc 

and m addition we have the himmosity 0({uation 


L(() = Apfl{(, 7’,) 

(6) 


obtained by inte^atmg Bethe’s law in the following manner 
Thi luminosity is determined by 


L (r) =* j'^4irr*p«cfr 

where 

• ^€o'XpT 


( 6 ) 


(7) 


«'o, B bemg numerical constants, and X, the hydrogen content of the stellar material 
Equation (5) is easily obtained from equation (6) by introducing the usual 
variables f, 0, and a defined bv 


,T = Tc0 .p = 


* Tho caloulations of the present paper were completed mucb earher tlian when 
Sohwarzschjld’s paper was received by us 
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and using the polytropic relation a = d*, for the convective coie, A, .ind l{i, 2\) 
being given by 




1 a . T,) = fevi dt ^6 = 


(«) 

(») 


For the introduction ol iRliiim (F) in tlic comjiositioii ot the stiUiir mateiial, the 
expiessions toi the opacity coelluicnt and the average inolcculai Height p given 
in paper I take the inodilied fci ms 

Hr,-^3 9xlO^HI+A')(J-i:-l) ^ (10) 


_ __2 _ 

l+dA+OSF 


( 11 ) 


the gudlotuic laetoi bemg lepieseiitid by an avciage value I, wim li is taken to have 
the same value (< = 0) as bolero 

As shewn ui iiaiiei I, tlie abene set ot equations can be suitably cembmed 
to give 


_ B_ 

-Aia.f:) 

where 


(12) 


B^Q 


leirac / 6^ y'“ H 
3k„ J ‘ 


(13) 


The loui equations (1), (2), (3) and (6) mvolve 7 quantities L, Af, M, pc, '1\, A, and 
Y, and theoretically if any throe quantities, say, L, AI and B lie known, we can 
determine the remaining lour In paper I we made the arbiliary assumption 
F = 0, and from tho observed values of L, and A1 ol some stars ot small masses wo 
calculated tlioir radu and hydrogen content In the pit«eut paper, however, we 
calculate X, and F from the observed values ol L, M and U of these stars For 
the apphcation of such calculations to actual stars, wc budd up senes ot confagura- 
tions with assigned values ot '1\, X and F, obtainmg the ccurcspondmg values ot L, At, 
R, and p^ lor each one of these cunfigurationu For instance, tho givi u values of 
'I'c, X, and F enable one to calculate the integral J(f, 'I'A, p, and so> from which 
lurthei wo can calculate A, and B, and hnally p_, from equation (12) Then equation 
(6) detormmes L, and equations (1) and (2) give M, and M 

We have made calculations for four <entral temperatures '1\ = 19, 20, 21 and 
22 mdhon degrees, and for hydrogen content A = 0 16, 0 26, 0 35, <* 45 and hehum 
content F = 01, 0 2, 0 3, 04 The results ol those calculations are shown m 
Table 1 


3 CAXOULATIONS of X AND Y FOB KNOWN STABS 


By plotting the {xisitioiis of stars of known L, AI, R considered in paper I, 
m diagrams suitably constructed from the following Table 1, it is possible to calculate 
by foUowmg a method given by on© of us (Burman, 1947), the values of A, F, Tc, 
and p^ ot these stars The results of these calculations ate presented m Table 2 
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4 Disco ssioN op the REStTLTS and CoNqjyraoNs 

Thoie art several inteiestmg points that emerge from a comparison of the 
above Table 2 with Table 2 of paper I Firstly, in the case of the stars a Cen A, 
a t' Ml A, and J Her A, for which the values of the radu calculated on the basis of 
F = 0, aie smaller than thou observed values, the discrepancies cannot be wiped 
out, as no pliysicallj significant solutions (subject to A + y<l) of our equations 
arc poHHiblo in these cases This is as is to be oKpectoil, as, the mtroduction of 
helium in the comjiosition of a star whose mass is not allowed to change, will have 
the efT( tt ol diminishing its volume, i e , its ladius In the c'ase of all other stars of 
Table 2 of papti I, the dis< repani les between the observed and the calculated values 
ol the radii have been wiped out by suitable pioportions of hehiim This has been 
possible because the calculated radius (for Y =0) is greater Ilian the observed 
ladius in c ac h of these < ases {Secondly, m all cases of agreement m oui calculations, 
excejit in the case ol one star,7(t Ojih B, there is no substantial change in the hjelrogen 
< (intent as eomjiat ed with the c ah ulations on the assumption of nc ghgiblo helium 
eontent This is effected ui these cases as follows As the luminosity of the star 
18 held lived, the cential tc'raperaturo to which it is highly sensitive may m a small 
adjustment change only very slightly It will then be sc^en from equation (1) that 
a change in the composition of the star will be subject to the condition that fiMjR 
should remain nearly constant As the mass is maintamc^l constant, a decrease 
m R (alls lor a dec rc aso m p Just this can be effected by the mtroduction of a 
suitable amount of he hum m the c omposition of the star without muc h altermg its 
hydrogen content Tt might ujtpear that a change in p would cause a large change 
in the lummosity, as /^~p’ ^ How this is prevcuited can be soon from the mass- 
lumuiositv relation (Chancliasckhar, 1039) of the Cowhng model, which may be 
written in the form 


I p’ 6 1 6 

Ko A 06 '~( 1 +A:)( 1 -Z-K) ROt 


(14) 


retaining only the lelevant lac tors (The factor 6 }ihh been dropjied as M remains 
constant) A slight calculation with tlie figures of Table 2 shews that the laige 
dociease in L jncKluccd by the lugh powei (7 6) ol p (altorcxl by the mtrcxluction of 
hchum) 18 exactly balanecd by the combined cJimmution m the factors (1—A—1) 
and R° ® It is thus interesting to note that the Russell mixture part of the stellar 
material, leprescnted by the factor (l—X—Y) plays a prominent role in the piesent 
adjustment Gcsieially, in all the cases of adjustments obtained here, except m 
the case ot the star 70 Opli B, no significant change m X has been necessary It 
Icxiks, as if the requisite change m p is jiossiblc m these cases, by giving only a suitable 
value to Y, without changing X In the case of the star 70 Oph B, however, a 
significant change m X as well as an mtroduction of high percentage of helium is 
necessary to sec ure the adjustment This poc uharity is indeed duo to the relative 
values of L, M and R of this star It wdl Ih> noted from Table 2 tliat this star has 
a large value ol MjR (m fact the largest) compared to other members of the table, 
while its lummoMty is c omjiarativoly low It is probable that this feature is at the 
root of the alnive pecsdiar behaviour 

Thus the new hypothesis of appreciable hehum content m stars of small masses, 
us have been considered here, does not appear to affect our previous conclusion 
that in a largo number of cases at least, hydrogen should constitute about one-third 
of their composition Our calculations also lend no support to the view that the 
hehum content of those stars should »n gemral be about 40 per cent, though such 
abundance of hebum appears to bo quite possible in some cases 

It IS, however, necessaiy to be quite clear about the nature of the conclusions 
we cun derive logardmg stellar constitution fifom the analysis followed here and m 
jiaper I The equations provided by the current theory of stellar structure, viz , 
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those for mechanical equilibrium, conservation of mass, transfer of energy and its 
generation according to Bethe’s law, as well as the observed values of the mass, 
radius and luminosity of a star, are just sufficient for tho iakulatwn of the unknown 
parameters, viz , tho hydrogen and hchum contents m tho material of the star, and 
its central temperature and density It is shewn in our paju rs that in the case of 
a large number of stars of small masses, it is possible to find physieolly significant 
values for their hydrogen and hohum contents and also the torrcsjxindmg values of 
their central temperature and d( nsity, eonsistcnt with our equations and data The 
values of none of these parameters are, however, amenable to direc t observational 
test There is as yet nothing m the current theory of stellar structure providuig 
for any mdependent internal cheek on the composition and other data calculated 
Till such Lonfirinntion has boon found, tin theory cannot bo rigardtxl as entirely 
satisfactory 
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Intbopuotion. 

Correlation between the ohromoaomal constitution of vegetative yeast cells 
and giant colony characteristics, if possible, would simplify not only studies on the 
stabmty of the various strains, but would ^so enable those engaged in industiy to 
check from time to time the purity of the particular strains employed by them 

Owing to lack of ari easily reproducible technique for the demonstration and 
study of chromosomal behaviour m yeasts—and the resultant confusion—there 
are no previous records of such attempts The demonstration that a brewery 
yeast has only two chromosomes (Subramaniam, 1946) and the isolation of a tetra- 
ploid (Subramaiuam, 1945) and a mutant (Subramaniam and Ranganathan, 1946) 
by treatment of actively dividing cells of the above strain with acenaphthene has 
placed us in a bettor position Now such a correlation could be attempted for the 
first time 

Litbratcbic. 

Giant colonies have been used extensively for studies on segregation (Wmgo 
and Laustson, 1937, 19396, Ditlevsen, 1944), hybridization (Wingo and Laustsen, 
1938, 1939«) and mutation (Winge, 1944, Skovsted, 1043) A variety of agencies 
are capable of inducing polyploidy in higher plants and if correlation between 
chromosome constitution and giant colony charaeteristics is possible—something 
like stomata measurements m higher plants—^then, it may even be possible to 


* This paper was read before the Fourth IntemationBl Congraaa for Microbiology held at 
Copenhagen m July 1947. 
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predift tJie probable chromosomal constitution of new sta^ijy based on the above 
charai teiistics There appears to 1)0 some justification for th6 above hope smce 
Skovstod (1943) mentions that it is ‘ a i haractenstic of the types shown in the diagram 
that all of them produce their particular categories of mutants’ (p 448) In 
Sruxharomyeodea Ludwtgxt, Winge and Lanstscn (19396) found that lobed growth 
was dominant to the smooth tyjie (p 302) However, they mention in a previous 
paper (Wingo and Laustaen, 1939a, p 359) that the moiphology of the giant colonics 
may be governeil by several lactois Lindegien (1946) also suggests that several 
genes may be responsible for the charactonstics of the giant colonies 

Matebiau ANii Methods 

Mutations wore induced in a bottom loi molding hrcweiy yeast, «SV 9 (NOT (' 
3,007) by treatment with aconaphthene and low temperatures (Subramaniam, 1946. 
Subramaniam and Kanganathan, 1946, 1947) 


CONruOL (he 11) 


BY 2 


BY I 

_L_ 


A< enapbthone 

(llutinit) BY 3 (Tolraploid) 

Top Bottom 


I 

Low Ti'mperoturo 


B-jl- a 

Top 


BY 0 
Bottom 


The chromosome constitution of strains BY 2 and BY 3 isolated from cultures 
treated for 90 days with accuaphthene are known The cytology of strains BY 6 
and BY 6 isolated from cultures of the oontiol kept at low tcmporatuies for 90 days 
(Subramaniam and Kanganathan, 1947) has not been investigated The strains 
BY 3 and BY 6 are bottom lormeutuig typos, while BY 2 and BY 6 are top ones 
The usual method of giant colony production is to cultivate the yeast m a medium 
composed of 8% wort and 10% gelatm The method of steidisation appears to be 
to keep the meium at lOO^C for 20 mmutes on successive days Since oven after 
this some of our plates got contaminated we have used m our experiments wort-agar 
Two grams of agar were added to every lOO c c of wort of S tJ 1 048 and pH 6 8 
and was stenlis^ at 10 lbs pressure for half an hour Small petri dishes of 7 ems 
diameter were used and only a single colony was grown m each plate at room tem¬ 
perature (22-24°C) 

Obsbbvations 


Photographs 1 and 4 show the giant colonies of the two chromosome diploid 
control m two different samples of wort-agar at mtervals of two months While 
Photo 1 18 that of the giant colony made along with those of strams BY 2 and BY 3, 
Photo 4 IS that of the same strain inoculated at the same time as strams BY 6 and 
BY 6 two months later It was thought desirable ta compare the characteristics of 
the giant colonies grown on the same sample of wort-agar simultaneously and after 
an identical penod of growth. The descriptions and photographs illustrate the 
appearances observed on the 12th day, as by that time the colomes assume their 
charactenstio shapes and contour The giant colony of the diploid control has a 
lobed margm and its surface is folded Peunt ooncentno stnations near the margin 
could be seen only m Photo 4 With further growth these striations as well as the 
indentation of the meu-gm become accentuate The tetraploid colony (Photo 2) 
is tliiok with mdistmot radial striations and a faintly wavy mar^ No accentua¬ 
tion of these charaotenstios was obseived on further growth of the colony. The 
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giiint colony of the mutant (Photo 3) is thin, glistening and smooth and exhibits a 
circular furrow neai tho maigiri The appearance of this furrow indicates the 
limit of growth of tlio colony Tho only i hango in tho colony after the 12th day is 
a slight broadening ot this marginal furrow 

For comparison, tho giant colonies of known and unknown chromosomal 
constitution are shown side by side Photos 5 and 6 show tho giant colonics of 
BY 6 and BY 6 respoctivoly, and it would be scon how smiilar these are to tho giant 
colonies illustratul in I'hotos 2 and 3 


The ranges 

n size of tho cells of the hvo strains are shown in 

the Table 
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Cells from tho control, totraploid and mutant are illustrated in Figs 1, 2 and 3 
respectively, wliile tho cells of the strauis BY 6 and BY 5 are shown in Figs 4 and 
5 The cells of BY 6 (Fig 4) are bigger than that of the tetraploid (BY 3, Fig 2), 
wlule m BY 5 the percentage of long cells are fewer than m BY 2 (Fift 3) It aiijiuars 
that both acenaphtheno and low temperatures produce also changes other than the 
duplication of chromosomes Cold shook has been known to produce gene mutations 
(Kerkis, 1939), and Dermen (1940) mentions that polyploidy may or may not have 
any effect on the si/es of the cells 

Only a cytological investigation Would show whether the chromosome < onstitu 
tion of BY 6 and BY 0 are identical with that of BY 2 and BY 3 


Discussion 

Our extended observations indicate that under constant conditions the slight 
mdividual variations which occur in giant colonies could be ignored if emphasis is 
restricted to tho major characteristics The characters of the giant colonies appear 
to be conti oiled by a variety of factors Tho sample of gelatine or agar, and malt 
used m makmg the medium (Skovsted, 1943), the S G and pH of the wort and even 
the quantity inoculated (Wmge and Laustsen, 1930a) all seem to affect tho appearance 
of oertam minor characteristics Naturally, comparisons should be confined to 
colonies grown for the same length of tune Haploid colonies differ from diploid 
ones and poljrploid ones 6x)m both Winge and Laustsen (1937) had observed 
changes in the appearance of the colony not only as a result of obanges in environ¬ 
mental conditions but also at different periods of growth m some cases Winge 
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(1944), however, emphasises ‘that under the same conditions the characteristic 
appearance cit the giant colonies of each typo remain constant’ and presents only 
photograplis of single colonies Prom observations on ‘several liundred different 
clones of rough colonied yeasts’ Lindcgren (1946) arrives at the conclusion that no 
duplicates occur even though each strain gave rise to colonies having diatmctive 
characteristics and capable of identification on transplantation 

A perusal of the photographs would leave no doubt that changes m 
chromosome constitution do produce changes in the characteristics of the giant 
colonies It is possible to identify particular strams by their characteristic giant 
colonies The resemblance thus is not confined to their top or bottom fermentmg 
character Edone The similarity between colonies of known and unknown chromo¬ 
somal constitution is striking and henoe should be of considerable signifioanoe 
since the same chromosomal mutation could be induced by diverse agencies 




OHABAOTEBJanCS OF GIANT OOLONIK8 IN YFASTa 


SUUMABY 

1 An attempt was made to correlate the chromosomal constitution of parti¬ 
cular strains with the characteristics of their giant colonies 

2 Changes in chromosomal constitution do produce changes in giant colony 
characteristics 

3 The similarity botween the i olonios of strams of known and unknown 
chromosomal constitution m striking and hciiic should bo of tonsiderabic sigiutieanco 
since the same chromosomal mutation loiild he induced by diverse agencies 
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Description of Iixdstbations 

Photographs are of eolonies token on tho twelfth day after inoeulation Tho photos srore 
taken at different magnifli at ions and hence mt>asurc'ment8 of tho loagopt diatni tor of Mio eolonies 
alone are given 

Photo I Control—Diploid Diameter 2 4 i ms 
Photo 2 Tetraploid- BY 3 Diameter 2 1 ems 
Photo 3 Mutant—BY 2 Diameter 2 2 ems 
Photo 4 Control—^Duplicato Diameter 2 3 ems 
Photo 6 BY 6 Diameter 1 9 eras 
Photo 8 BY 6 Diameter 1 7 eras 


Pro 1 Control 

Pro 2 Tetraploid—BY 

Pio 3 Mutant—BY 2 

Pro 4 BY 6 

Pro 6. BY 6 


Colls from Qiant Colonioa 
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Introduction 

In 1901, tho completion of tho Vortobrata in the Fauna of British India afforded 
an opportumty to Blanford to review and discuss tho distribution of vertebrate 
animals throughout Ceylon, India and Burma His object was ‘to determine tho 
divisions into which the Indian Empire can be classed by our present knowledge 
of the Vertebrata, and esiieually to ascertain the zoological relations bctwi'in tho 
Indian Pcmnsula and the neighbouring countries’ To achieve tins object, ho 
reviewed the distribution of genera, for ‘families and sub families aloru being too 
few in number and ranging in goneial over wider tracts than genera do, so that it is 
diftn ult to determine subregional divisions by means of them, whilst sjrenes are too 
numerous and too unequal m importance ’ For somi yen is I have been interested 
in tho distribution of freshwater fishes throughout south-eastern Asia and in the 
revision of genera characteristic of mountainous regions My views and con¬ 
clusions based on these studies are given in tho article ‘On the Malayan Affimties 
of the Freshwater Fish Fauna of Peninsular India, uml its bearing on the probable 
age of the (laro-liajmahal Gap’ (Hora, 1944) In tho discussion that followed the 
reading of this paper, the views of some of the leading Indian geologists on the 
Garo-Rajmahal Gap are given and there is considerable wealth in their observations 
regarding some palaeogeographical features of India In the toiursc of these studies 
it has become abundantly ilear to me that the distribution of some of the genera, 
as given by Blanford, has proved to be erroneous due to incorrect determinations 
and that this fact has greatly vitiated the value of lus work, monumental and 
outstanding as it is and will always remain, for our present-day studies The 
revision of tho Fauna volumes on certain groups of Vertebrata, therefore, affords 
another oppoitunity to review tho distribution of Indian fauna and to elucidate the 
zoological relations of the various subregions of India and their n lationslups with 
the neighbouring countries The present article is written with this object in view 


VOL XIV—No 6. 



STTNDBK LAL HOBA DISTBIBimOIT OV OHULOMIANS 


As the revised editions of the Fauna volumes deahng gith Batrachia and Fishes 
have not yet been published, a complete revision of Blairfofth^articlo is not possible 
at the present time, but sufficient iiSbrmation is available regarding the distribution 
of Mammals, Birds, Reptiles, and certain families of fishes to warrant the pubhcation 
of some articles It will at least serve to obtain the views of other zoologists 
interested in similar studies 

Besides correct and rehablo dctormination of animals, it is equally essential for 
zoogeographical studies that the ecological factors inlluenfing the hvee of diffcn nt 
gioups of ammals should also be known, for knowledge of an animal without some 
knowledge of its environment is very imperfect indeed In studying the zoo¬ 
geography of the mountainous fishes, I had a great advantage in knowing something 
about the ecology, bionomics and evolution of the torrential fauna (Hora, 19.1b) 
The revised edition of the Vertebrata m the Fauna are in this resptet a great 
improvement on the earlier volumes, for they contain not only the systematic 
descriptions of the species but also notes on their habits and habitats 

Though faimhes and sub-families arc generally unsuitable for zoogeographical 
studies, the same may be said of genera to a lesser extent, for species, however 
unequal in value, are our umts of study Whotlier we catalogue them or nqt, it is 
necessary to keep them in mind always For the first article of the senes, I have, 
therefore, selected the groups of Crocodiles and Chelonians as the number of species 
to be dealt with is not large Besides, the volumes on Reptiles covci a much larger 
geographical area, as they include the whole of the Indo-Chinese Peninsula In 
support of this departure from the usual practice, Smith (1931, p 13) states that 
‘The fauna of Siam, French Indo-Cluna and southern China is so closely alhed to 
that of Burma that it would bo scientifically incorrect to separate them from one 
another ’ Tins is true of other groups of animals also Not only is the fauna of 
Burma closely allied to that of Siam, Fiench Tndo-China and southern f'hina but 
the same can bo said with regard to the fauna of the Eastern Himalayas and the 
Malabar Tract of the Western Ghats 

For the present senes of articles on Reptiles, I have retamed the two subregions 
proposed by Smith and the twelve zoogeographical areas into which he has divided 
them The distnbution of vanous species as tabulated below has been chocked by 
Dr Malcolm A Smith I am grateful to lum for this 

The geographical hunts of tho twelve areas, as recognized by Smith, are given 
below for oonvemence of reference 


ZOOOSOOBAFBIOAI. AbBAS 

The Onental Region is divided into three Subregions, the Indian, the Indo- 
Chinese and the Malaysian The Indian Subregion includes the pemnsula of India 
as far oast as Bengal at about longitude 90° and south of the Himalaya Mountains 
It has been divided into seven geographical areas as follows — 

1 The Desert Area of North-West India —^This includes Baluchistan, the 
North-West Frontier Province, the Punjab, Western Rajputana as far as the Aravalli 
Range and Sind 

2 Kashmir and the Western Himalayas up to Nepal —Most of the country is 
mountamous and highly elevated 

3. The Oangetic Plain —^The great Gangetic Plain of Northern India extends 
from the Valley of the Indus in Sind to the right bank of the Brahmaputra in 
Bengal 

4 Central India —This includes the area between tho Gangetic Plam, the 
Deooan, the Aiavalh range and Chota Nagpur 

6 The Deccan —This includes the central tableland of tho Deccan between 
12° and 21° north latitude A part of the Western Ghats is included in this area. 
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6 The. Mountains of the Malabar Tract and Ceylon The hills of the Peninsula 
south of lat 12“N together with the mountains of f'eylon constitute a distinct 
faunal region 



7 The Chota Nagpur Area —This includes Bihar south of the Gangetio Plain, 
the northern part of Onssa, and the eastern part of the Central Provint'es 

Comparing the above zoogeographical divisions with those proposed bv Blanford, 
it will bo seen that there is considerable gcneial agreement between the two sysk'ms 
as IB shown below'— 


Smtth’a CUusiJUation 
The Desert Area of N W India 

Kashmir and the Western Himalayas 
The Oangetic Plam 


Central Indie 
The Deccan 

The Mountains of the Malabar Trot t and 
The Chota Nagpur Area. 


Blanfoni'a Ulnaatjkntion 
Punjab Tract, excluding the plain of the 

Western Himalayan Tract 
North Western ProvlncPH (now designated 
as tho United Province and Bihar) Tract 
includmg tho plam of tho Indus plus 
Bengal Tract 

Rajputana or Central Indian Tract 

Carnatic or Madras Tract 

Malabar Const Tract ana Ceylon Tract. 

Bihar Orissa Tract. 








StTNDKR LAL HOBA DISTBIBUTION OF CHBLONIAN8 


Judging from the distribution of freshwater fishes, Simth’s ilassification would 
seem to bo a better arrangement of the aoogeographicahMftWs into which India west 
of the Brahmaputra in Bengal tan bo divided 

Smith has divided his Indo Chinese Subregion into 6 areas, namely,— 

1 The Eastern Htmalayas —^wluch corresponds with the Assam Tract of 

Blanford, and extends fi om the western frontier of Nepal to the tei mina- 
tion of the range at the bend of the Brahmaputra 

2 The Trans Himalayan MounUivnoua Area i —corresponds to the Upper 

Burma Tract of Blanford and includes the hills of Assam east of the 
Brahmaputra, the whole of Burma, except the lowlands in the south, 
southern Yunnan, the northern part ot French Indo-China and the 
northern part of Siam 

3 

4 The Great Plain of Indo-China —Tins area includes the lowlands of Burma 

south of Promo and Toungoo and at the mouth of the Salween, the 
groat plains of Siam, Cambodia, and Cochin China This corresponds 
to the Pegu Tract ot Blanford 

5 Tenaaserim and Peninsular Siam —This area corresponds to the 

Tenasserim and South Tenasflerim Tracts of Blanford and includes the 
mountain chain which extends down the peninsula 


Ecological Factobs ihfuiencihg Animal Life in Vabious 
ZOOGEOOBAPniOAL AbEAS 

Ill a recent article, of which I have seen a summary in English, Nikolsky (1947) 
has discussed biological peculiarities of fauiustic complexes and the value of their 
analysis for ^oogcographu ul studies He has rightly pointed out that ‘A zoo* 
geographical division into definite regions is a stage which belongs chiefly to the 
past, being now nearly completed with legard to large areas’ In his opimon, with 
which I agree, ‘The criterion on the ground of which a certain species is referable 
to one or another faumstic complex besides the character of a distribution area 
18 its ecological specificity, i e its relation to both abiotic and biotic media which 
are closely connected with each othei, being both a sequence of the adaptation to 
hfe in a defimte geographical zone’ hVom tlie above, it will follow as a natural 
sequence that ‘In populating a new basin the members of a faumstic complex occupy 
its part the conditions of wluch approac h most the zone whore the formation of the 
complex has proceeded’ It will, therefore, bo clear that in elucidating the history 
of the origin of the fauna, its ways of distribution, its interrelations with other 
zoogcographical areas, etc, etc , it is absolutely necessary to bear 'in mind the 
biological pecuhanties of the fauna and the principal factors in its environment. 
Evolution IS the result of tho action and reaction of these important conditions 
which govern tho life of an ammnl and determine its survival, modification 
or annihilation under changed c onditions of environment, if any 

Before discussing the distribution of Crocodiles and Chelonians, it will be 
advantageous, therefore, to bear in mind the mam ecological conditions which 
affect tho fauna in the twelve zoogeographical areas enumerated above 

The Desert Area of North-West India is desert or semi-desert, except near the 
rivers Tho rainfall averages from nil in eirtaui portions to 20 iiithes m tho year 
m others Tho interior of Balui histan is from 3,000 to 0,(X)0 feet above sea level 


1 It may be pomtod out tlmt among geographers the term Trans Himalaya hag a deflmto 
meaning and generally signifies tho lugh plateau of Control Asia to the north of tho 
Himalayas 
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The fauna exhibits some interesting adaptive modifications to withstand extreme 
heat and drought 

In the Kashmir and the Wtstem Himalayan Areas, the country is mountainous 
and highly elevated The Oangette Platn is divisible into a western, more or less 
and or seim-arid area and an oastt in area with a futile, alluvial soil wluth is cleared, 
cultivated and thickly populated foi the most jiart The rainfall is 20 to 30 inches 
in the western x>ortion and 50 to 100 inches in tht. eastern region 

The Central Indui is an imdulating and hilly tract cleared and cultivated in 
parts and covered with brushwocxl or thin fore st of small trees The average rainfall 
18 about 36 inches The Deccan Area is similar to the (Jentral India but the ramfal! 
along the western coast is heavj—from 100 to 200 inches annually The Eastern 
Ghats have not the samo umtj of structure as the Western Ghats and represent a 
discontinuous lino of mountain country The mountains of the Malabar Tract and 
Ceylon rise to a considerable height and most of the area is well foiested The 
rainfall is heavy, between 00 and 150 inches, and owing to its approximation to the 
equator, seasonal changes arc not so muikcd The Chota Nagpur Area is hilly and, 
with a few oxcciitions, is heavily foicstul The average rainfall is between 60 to 
70 inches m the year The highest peak m the Chota Nagpur area is the Parasnath 
Hills, 4,800 feet above sea level 

The Eastern Himalayas are sub tropical and heavily forested The average 
rainfall is 60 to 160 inches The Trans Himalayan Mountainous Area is of hills 
and dense forests closely resembling the Eastern Himalayas The rainfall is heavy, 
generally exceeding 100 inches annually over a considerable part of the area The 
Tenassenm and the Peninsular Siam Area is also mountainous and heavily forested, 
with the yearly average rainfall being 160 to 200 inches Annam is entirely 
mountainous and the conditions are suiular to those of Burma The Oieat Plain of 
Indo-Chtna is foi the most part flat, alluvial and more or less cultivated and 
populated , The annual rainfall in the Pegu area is from 100 to 126 inches, in 
Bangkok it is 66, in Cochin China 60 to 90 uuhes 

In the ease of aquatic forms, continuity of water courses is essential at some 
period of the earth’s history for their dispeisal and for the dispersal of land ammals, 
temperature, humidity and vegetation are the chief goveimng factors Continuity 
of land-masses is also an essential tactoi in the distribution of torrential forms 
Crocodiles and Cheloiuans could inly bo distributed over wide areas through natural 
agencies For the survival of a species in a new geograplucal area after its dis¬ 
persal, it IS important that similar ecological conditions ui its new habitat must 
persist, otherwise it will have to undergo some sort of modifications to adapt itself to 
new conditions Such modifications will, of course, depend on the intensity of 
variation within the species itself under the new environmenta’ conditions and the 
resultmg ammal wdl either become a geograplucal race, form, subspocu s or a new 
species Even new genera and families may lesult from long isolation or some kind 
of habitudinal segregation 

Ecologically speaking, it will thus be seen that, with the exception of the Flam 
of Indo China, the remaiiung four areas of the Indo-Chinese Subregion arc very 
closely allied to the Malabar Tract and Ceylon and also resemble the Western Ghats 
and the Chota Nagpur plateau It is no wonder, therefore, that in the migration of 
the fauna and the development of the present-day features of India s physical 
geography, pockets are formed where similar or identical sjieoies could continue to 
live undisturbed under environmental conditions more or less similar to those under 
whioh they had once lived over a much widcw urea We shall refer to these points 
again when dealing with certain asjM'cts of the palacugeography of India, but now 
we may consider the distnbution of the Crococldes ancl Cbeloman listed by Smith 
from the Indian and the Indo Chinese Subregions 
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Of the 61 species of Crocodiles and Chelonians lia tK — b ove, one species of 
Crocodile, Crocodxlus poromts, is estuarine and rarely enters rivers above tidal hnuts, 
and four species of turtles, Dermochelya conacea, Eretmochelya tmbncata, Chelonxa 
mydas and Caretla carelta ohvacea, are marine These five species are not of any 
zoogeograplucal significance 

Of the remaimng 56 species, 8 are common to the Indian and Indo-Chinese 
Subregions, 14 are confined to the Indian Subregion and 34 to the Indo-Chinese 
Subregion I shall elucidate the significance of each of these groups sei»arately 


Distribution of the Species Common to the Indian and 
Indo-Chinese Subregions 

Of the eight species common to the Indian and Indo-Chinese Subregions, the 
Ghanal (Oavialm gangetxcus) represents one of the most primitive of the living reptiles 
and 18 the sole survivor of a large number of species that once lived in South-eastern 
Asia Fossil forms of Qavvilxa have been described from the Pliocene deposits of 
the Siwahk Hills and the Narbada Valley and they are known to have attained a 
length of 50 to 60 feet The great antiquity of the crocodiles, as is well known to 
all students of Zoology, is reflected in their discontinuous distribution in the tropical 
Austrahan region. South-eastern Asia, Africa and tropical and subtropical America 
Thus they indicate the existence of the Gondwanaland which comprised the lands 
enumerated above and persisted as a large southern continent till the end of the 
Cretaceous or the beginning of the Tertiary period The point of interest is that 
0 gangetxcus, a survival of the Indobrahm, has persisted throughout the ages of the 
later Himalayan earth movements without undergoing any appreciable change in 
structure This is no doubt duo to the fact that it lives in sluggish rivers and the 
ecological condition under which it lives have also persisted as such throughout all 
these ages 

One species of freshwater Tortoise (Terrapins), Oeoemyda trxpuga, and one 
spocAcs of freshwater Turtle (Mud Turtle), Lxaaemya punctata, are of special 
interest from a roogeographical point of view as both are found in Burma on the 
one hand and over a greater part of India on the other Both have budded out 
geographical races in different parts of their distribution (Text-fig 2), no doubt 
under the varying ecological conditions of their respective habitats 

In the case of G trxjxiga, a chiefly aquatic and vegetanan species, five fairly 
well defined races are recogmzable, dependent chiefly upon the colouration of the 
head and to a less extent that of the shell Variation in colouration is certainly 
associated with environmental factors and many similar cases are known from 
among fishes as well The typical form of the species is known from the Bombay 
and Madras Presidencies and the State of Mysme, the race edenxana from Burma, 
the race xndopenxnsidarxa from Chota Nagpur and North Bengal, the race coronata 
from Travancoro and Cochin and the race thennalta from Bamnad Distnct, Ceylon 
and the Maldive Islands i The distribution, though extensive, is discontinuous for 
the Chota Nagpur and North Bengal race is separated from the Bombay race in the 
west and the Burma race in the east by considerable distances Geographical 
isolation and habitudinal segregation may have led to the origin of the present races 
but there seems hardly any doubt that once O trxjvga was imiformly distnbuted m 
the mtervemng portions of its range 

The typical form of the Mud Turtle Lxaaemya punctata is found m the Indus 
and the Ganges aqd their tributaries, the race granoaa is found m the Indian Peninsula 
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south of the Ganges while its race $Cfutata is found in the Irrawaddy and the Salween 
Rivers Its absence &om Assam makes its distribution discontmuous but its 
occurrence in the Indus and the Ganges takes us back to the time of the Indobrahm 
or the Siwahk River Though more widely distributed than the Ghanal, Oavtahs 
gangeiume, it seems to be contemporaneous with it during the Siwahk period 



The Terrapin, Batagur baska, and the Mud Turtle, Chxtm \nd%ca, ar< essentially 
Indo Chinese forms but their range extends into India for a short distance The 
former, a herbivorous and entirely aquatic species, is found m Bengal and then 
its range extends from Burma to Cochin-China and the Malay Peninsula It is also 
found in Sumatra The ammal is of exceedingly shy disposition and inhabits 
estuaries, deep slow flowmg rivers and canals It is hkely, therefore, that its dis¬ 
tribution to B«igal may have been affected tna the Bay of Bengal during th 3 monsoons 
when the salinity near the head of the Bay falls very low 

Chtira xndxca, on the other hand, feeds upon fish, molluscs and other ammal 
food, and is a very pugnaceous animal It is found in Northern India, Siam and 
the Malay Peninsula It has been rocordod from the Irrawaddy also, though this 
needs confirmation From its distribution, it appears to be a species of the Indo- 
brahni 

The Land Tortoise, Testudo elongata, is found in Chots Nagpur on the one hand 
and m north-eastern India to Tonkin and the Malay Pemnsula on the other 
Dr Annandale had recogmsed the Chota Nagpur form as a separate species, which he 
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called T paraUdua and remarked on its dose resembld^BiJo T elongatus, an Indo- 
Chinese species 

The Terrapin, Qeomyda tncannata, is found m the Chaibasa District of Chota 
Nagpur on the one hand and Northern Bengal (Jalpaiguri Diatnct) and Assam 
(Daflas HUls and Bisnath Plain) on the other This herbivorous, aquatic species 
must have once occurred over the intervemng areas in the Vindhya and Satpuru 
trend of moimtains 

The Terrapin, Kachvga dhongoka, at present occurs in North-east India and 
in the Ganges as far west as Allahabad and north to Nepal but its fossils are known 
from the Siwalik Hills It is, therefore, a species dating back to the Indobiahm 
when its range must have been more extensive 


DlSTBlBUnON OF THE SpBOIES OF THE ImDIAN SUBKEGION 

Uf the 14 species of Crocodiles and Chelomans, 3 have a very nstncted dis¬ 
tribution The Terrapui, Qeoemyda atlvattca, is known only from the forests of the 
Cochin State and inhabits short burrows underground and does not show any 
partiahty for water It can hve entirely upon vegetable footl Tl\c Land Tortoise, 
Teatudo travanconca, is known from the hills of Travancore, Cochin and Coorg 
Tlus species appears to have been derived from T elongata, the range of which 
extends from North-east India to Tonkin and the Malay Pemnsula as far south as 
Penang The endemioity of a largo number of species in the Malabar Tract of 
India and Ceylon and their close afiimty with Malayan forms arc well known facte 
and indicate their long isolation from the parent stock leading to the evolution of 
new species 

The Terrapin Morenw peUra%, is restricted to Eastern Bengal (Jessore, Dacca, 
Fatehgarh) but httle is known about its habits or habitat The Terrapin, Kachvga 
kachtiga, is also definitely known from the Gangetic Biver System 

Another species of somewhat restricted distribution is the Mud Turtle, Tnonyx 
hurum, defimtely known so far from the lower reaches of the Ganges and the 
Brahmaputra The Mud Turtle, UardeUa thurgt, is foimd in the Oangetic and 
Brahmaputra River Systems 

The species that are found m the Indus and the Ganges River Systems are of 
special interest in so far as they support the view that before the Indus and the 
Ganges were evolved as present-day rivers, they formed the Indobrahm or the 
Siwahk River of the Pleistocene period (Pascoe 1919, Pilgnm 1910) The Terrapin, 
OeocUtnya hamiUonx, which is represent^ by fossils in the Siwalih Hills, is at the 
present day found in Northern India from Sind to Bengal It is carmvorous in its 
habits Another Terrapm, Kachxxga amxlhx, is found m the tributaries of the Indus 
and the Ganges though it is more commem in the former river The Terrapin, 
Kachuga tectum, is represented in India by two geographical races, its typical form 
IS found in the Indus, Ganges and the Brahmaputra River Systems while the race 
tentorxa is found in tfre Mahanadi and the Godavari rivers Here agam we find species 
in formation through isolation or some form of habitudinal segregation The Mud 
Turtle, Tnonyx gangetxcua, is also found in Uie Indus, Ganges anc^he Mahanadi 
River Systems It is interesting to note that Annandale had recognised the 
MahanaiL form as a separate race, makanaddxcua, though Smith did not agree with 
Annandale At any rate, there are some differences in colouration from the typical 
form and in the Mahanadi, therefore, we have an incipient new species of some 
future age 

Another Mud Turtle which has sjpread southwards from the Ganges to the 
rivers of the Peninsula is Tnonyx Utihx at present known from the Ganges and the 
nvers of the Peninsula as far south as Madras This species is closely aUied to 
T gangetxcua and is oo-extensive with it for a certain part of its range (Ganges and 
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Mahanadi River Systems) Here we have perhaps an instance of the budding of a 
new species from the older one of the Indobrahm 

We have so far dealt with the forms associated in one way or the other with the 
Ganges System, but two species dehmtely exhibit Western Asiatic afOnities The 
Starred Tortoise, Testvdo ekgans, is distributed throughout Central and Southern 
India, extending west as far as Sind and south to Ceylon Though a forest dweller, 
it 18 found in dry areas of the low country The genus Teatudo is cosmopohtan in 
its distribution, except Austraha and Papuasia, and it is likely that T eUgans is a 
migrant or descendant of forms living north-west of Sind Another Land Tortoise, 
I'estudo horsjieldi, shows dofimtely that it is a migrant into India from the Aral and 
Caspian Seas Regions It is only found in the north-western corner of India and 
has not spread further south 

The most widely distributed species of the Indian Region is the Crocodile, 
Crocodtlus paluatrxa It is found in the whole of the Indian Pemnsula and Ceylon, 
extending as far west as the Dasht River near the Persian Frontier, in Baluchistan, 
north to Nepal and imst as far as the Darrang District on the Brahmaputra in 
Assam 

Genebal Rehaeks oonceening the Indian Subbegion 

Before taking up the analysis of the species only known from the Indo-Chinese 
Subregion, we may bnefly summarise the trends of distnbution of the forms known 
from the Indian Subregion The main points are — 

1 CYrtam species are still in the process of evolution and as a result of 

geographiial isolation have developed certam racial features charac¬ 
teristic of well defineil geographical areas There are various gradations 
in the process of species formation 

2 Through long isolation or some form of habitudinal segregation, endemic 

species have estabUshed themselves m certain characteristic geo¬ 
graphic al areas 

3 There is defimte evidence of the ‘Malayan’ element in the fauna of India, 

particularly of Pemnsular India 

4 There is delate evidence of a once continuous Indus, Ganges and 

Brahmaputra nver 

6 There is defimte evidence of a connection of the Ganges System with 

the River Systems of the Mahanadi and Qodavan 

0 There is evidence that certain desert-loving forms migrated into India 
from the north-west and spread over the Peninsula and Ceylon 

7 There is some evidence that Chota Nagpur plateau formed a link in the 

route of migration of‘Malayan’ forms to Pemnsular India 

An attempt will be made later to elucidate all these points by refemng to the 
evolution of the present day physical features of India 

Disteibution of the Species of Indo-Chinese Scbiseoion 

Of the 34 species recorded from this subregion, as many as 9 (Nos. 14, 16, 
20, 29, 31, 41, 44, 66 and 58 of the hst) are endemic m the Trans-Himalayan 
Mountainous Area, one is endemic in Annam (No 12 of the list) and one in the 
Eastern Himalayas (No 38 of the list) Ei^t species (Noe 3,13,18,24, 26, 26, 28, 
33 and 69) are common to the Great Plauis of Tndo-China, Tenassenm and Peninsular 
Siam Four speues (Nos 9, 23, 61 and 63) are found m the Trans-Himalayan 
Mountainous Area, the Great Plains of Indo-China, Tenassenm and Pemnsular Siam 
Four species (Nos Id, 30, 32 and 61) are common to the Trans-Himalayan 
Mountainous Area and Annam One species (No. 11) is found all over the Indo- 
Chinese Subregion, one (No 10) is found in tho Eastern Himalayan Area, Trans- 
Himalayan Mountainous Area and the Great Plains of Indo-Chma, one species 



eitmiBUTioN or land* ska in India 



Tbxt fio 8 Haps of India showing tho distribution of land and sea during the Eooene, 
Uiooene and Pliooenis penods 

The figures reproduced hero are parts of maps photographed fiom some work of 
' which the reference Is lost. 
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(No 33) IS found in Trans-Himalayan Area and Tenasserun, one species (No 
17) is fpund in the Trans-Himalayan Mountainous Area, Annam, Peninsular Siam 
and Tenassenm, one species (No 48) to the above three regions as in No 17 and 
also the Great Plains of Indo-Cluna, one species (No 60) is found m the Trans- 
Himalayan Mountainous Area, Annam, and Great Plams of Indo-Chma and one 
species (No 47) to all the areas except Annam It will be noticed that the largest 
number of species is found in the Trans-Himalayan Mountainous Area and 
particularly in Southern Chma 

Probable Centre or Obioin of the Fauna 

From the distributional records noted above, it would seem probable that 
Southern China formed the original home of these animals whence they radiated 
towards the south-west into Burma and India, into Burma, Siam and the Malay 
Pemnsula and Archipelago and south-east to Indo China and Annam The directions 
of the mountain ranges and the rivers in the Indo Cliincse Subregion support this 
view and I shall show later that geological evidence also favours such a hypothesis 



Evolution op the Gbooraphy op South-eastern Asu 

During the Gondwana yienod, when Australia, South-eastern Asia, East Africa 
and South America were parts of a single continent, Gondwanaland, the earth under¬ 
went a slow gentle buckling of the earth’s crust which produced a senes of extensive 
east-and-west valleys Dunng such a period crocodiles must have extended all 
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over Gondwanaland and this would explain then- present-day discontinuous 
distnbution 

At the end of the Gondwana period, in late Cretaceous or early Tertiary, there 
was an intense folding of the crust accomx>anied by the upheaval of the Alpine- 
Himalayan System, which dismembered the Gondwana Continent and gave the 
Indian Peninsula more or leas its present outline and caused the eruption of lava 
which formed the Deccan Trap The Himalayan upheaval, m its imtial stage, 
probably confirmed some of the Gondwanaland valleys, but later the movements 
became more violent on lines tending north and south and disorganised the older 
drainage systi^m, for with the iiprais^ Central Asia as a vast block with long slopes 
towards the cast and south the genet al drainage from Tibet was fundamentally 
altered The west-to east courses of the Upper Brahmaputra, the Hwang Ho, 
the Yangtze Kiang and the Si Kiang are probably the modern survivals of the 
ancient east to west rivers, but later arose the north-to-sonth rivers, such as the 
Dihang, the Irrawaddy, the Salween and the Mekong The latest east-to west big 
river was the Indobrahm or the Hiwahk River along the southern base of the 



Tbxtfio 6 The Indobrahra or the Great Prehistoric River of Northern India After Dr D If 
Wadw {Proe Nat Iruit Set Ini 4, 389, 1938 ) 

The Indobrahm was tlie successor of the NummuUtio Gulf which stretohod from the 
head of the Hind Gulf to the Pimjab and thence along the foot of the embryonio Himalayan 
cham through Simla and Nairn Tal to Assam It earned the combined discharge of the 
Brahmaputra, the Ganges and the Indus rivers and seems to have existed all through the 
late Tertiary and early Pleistocene times 

^Himalayas m the Pleistocene period Wo have ample evidence of the existence 
of such a nver in the distnbution of the crocodiles and chelomans referred to 
above It must be noted that there was no present-day lower Ganges at that 
period and, therefore, probably there was no gap between the Garo Hills in the 
east and the Rajmahal Hills in the west 

The Himalayan uplift was in several major and minor stages and from the violent 
earthquakes witnes^ m this region, it is evident that they are still very unstable 
and are still rising. Usually throe major stages are recogmsed During the first 
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stage the central axis of the Himalayas was upheaved The second stage about 
Mid-Mioceno upheaved the central part of the range and the third phase came at 
the end of the Tertiary period when the sub Himalayan zone was added to it The 
last phase is still contmumg and was responsible for the uplift of the Siwalik Hills 
and the disturbance of the Karowas in Kashmir 

Tlie orogenic movements from the north that produced the Himalayas, met 
with strong resistance from the very old block of the Indian Peninsula, the middle 
portion of wluch, however, sagged and in course of time gave rise to the alluvial 
plain ot the Ganges and a concave outline to the central part of the Himalayas 
The effect of the subsidence of the noithern part of the Peninsula also affi'cted the 
Vindhyas and the 8utj>uras whuh were at one time much loftier mountains and 
formed continuous ranges exU nding between the Assam Himalayas on the one hand 
and the Gujarat Western Ghats on the other The Himalayan movi-ments met 
resistance in the east by thi horn of the Pemnsula presented by the hills of Assam 
and in the west by the lulls round about Kohat At both these jiointg the Himalavas 
were bent round and took a more or less north to south direction The direction 
and intensity of these movements deUirmined the evolution of the zoogeographical 
features of India and in eonseqiionee the nugration or dispersal of the animal life 
Simultaneously with the rise of the Himalayas, lava flowed out from hssures in 
several parts of the Indian Peninsula and gave rise to the Deccan Traps {vxde supra, 
text-fig 4) Like the Himalayan movements and probably contemporaneous with 
them, the outbursts of lava also occurred at varying intervals and diumg tlie quiescent 
period animals from neighbouring areas migrated to these lava rocks and some 
lemains of them beiame entombed in the infra- and mter-trapjiean beds The last 
lava outburst may lie contemporaneous with the formation of the Siwalik hills 
in the Pleistou no period or may be even younger than that as is evident from the 
distribution of the present day forms The lava flows completely anmhilatcil the 
then existing fauna and recolonisation occurred during the dormant periods 

In the Trans-Himalayan Area, particularly in Yunnan, there wore corresponding 
earth movements To explain the origin of deep canyons of the nvers of Yunnan 
and Western China, it is believed by some that there was a regional uphft of some 
fi.OOO to 10,000 feet m very recent geological times Gregory and Gregory (1923) 
have, however, found no evidence of any post-Pliocene high regional uphft of this 
area According to them, the physiogiaphy of central and south-western China 
could bo explained by the subsidence of the surrounding country, whicJi produced 
long slopes downward to the east and the south The geographical distribution of 
ammals supports the latter view 

One more palaeogeographical fact must also bo borne m mind in connection 
with the origin and evolution of the Indian fauna In his study of the evolution 
of the river system of south-eastern Asia, Gregory (1926) found that in the Trans- 
Himalayan Area the nvers on the west generally beheaded the nvers on the east 
and thus diverted their waters, and consequently the aquatic fauna, westwards 
Probably this happened several times contempwaneous with the phases of the 
Himalayan uplift and enabled the fauna to spread westwards m a senes of waves 
Evidence of 6uoh waves of migration is clear oven among the Chelomans referred 
to above 

Aqh of thb Pebsbnt-day Cbooodh^ and Chilonians' 

Though the Crocodiles made their first appearance m the Upper Cretaceous of 
Europe and North America, the fossil forms of Qhanals (Qanahs) awe known from 
the PUooeno deposits of the Siwalik Hills and the Narbada Valley The Chelomans 
are a much older group, for they are found in the Tnassic much as we see them now 
Their greatest development was towards the end of the Mesozoic and in the early 
Tertiary Penod As shown above, some of the present-day Indian forms are known 
from the fossils of the Siwahk Hills and are, therefore, at least as old as the Pliocene 
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The Obioib and Dispb!B8AL of the FAtrsTA 

Aa in the case of freshwater fishes, the distributional Tfecwda of Indian 
Crocodiles and Chelonians show that they originated on the Yunnan tableland when 
the conditions were probably somewhat warmer than they are at present With the 
subsidence of the surrounding country, probably in a senes of five or six phases, and 
tlie production of long slopes downward to the east and the south, the fauna became 
dispersed along these two routes in the first instance, the eastern branch colomsed 
French Indo China and Annam, while the southern branch became dispersed mto the 
hills of Burma, Siam and the Malay Peninsula The northern portion of this branch, 
through a series of river captures, was deflected westwards to the Eastern Himalayas 
and the Hills of Assam There is a barrier, yet undefined, in Central Nepal, winch 
prevented the westward migration of the fauna along the Himalayas, but the Assam 
Hills were then continuous with the Rajmahal Hills and there stretched across India 
loftier ranges of the Vindhya and Satpura Mountains which captured the monsoons 
and produced ecological conditions similar to those of the Eastern Himalayas, 
Assam Hills and the Western Ghats In certain parts of the Chota Nagpur plateau 
similar conditions prevail oven up to the present day Along this range the fauna 
was dispersed to the Western Ghats and thence along them to the south and Ceylon 
This was the first wave and could explain the occurrence of Malayan or Indo-Chinese 
element in the fauna of Ceylon The second wave came with a very nch new faunal 
element after Ceylon hod been separated from the mainland through subsidence 
This would explain the number of charactenstic species m the Malabar Tract (Cochin, 
Travancoro) south of the Palghat Gap Through further subsidence or faulting the 
Palghat Gap made its appearance and prevent^ the third wave from reaching the 
extreme south of the Peninsula Through the latest eruption of the lava, a con¬ 
siderable north-western portion of the Deccan became denuded of animal life and 
when normal conditions returned, a fourth wave repopulated it There wore then 
shorter waves which did not roach the Western Ghats but spread for varying dis¬ 
tances along the Satpura and Vindhya Trend of Mountains It was at this stage, 
that the Indobrahm river of the Siwahk period became dismembered, the Garo- 
Rajmahal Gap formed, the present-day Ganges came mto existence and flowed 
through the Garo-Rajmahal Gap to the Bay of Bengal Further changes in the 
nugration of the mountainous forms between the Garo Ehlls and the Rajmahal 
HiUs became interrupted but the Eastern Himalaya and the Assam Hills contmued 
to receive eastern elements 

The Western Ghats had another contact with the Himalayas through the 
Arravali Range and some Western Himalayan forms spread over this range south¬ 
wards Similarly, the high country beyond Delhi to the Baluchistan and West 
Punjab Hills, which must have been more pronounced once, served to deflect some 
of the north-western forms to the south However, this element is represented only 
by a few forms 

The most remarkable thing to note is that all these changes had occurred during 
the Pleistocene or later penods when the present-day fauna had established itself 

Conclusions 

In his chapter on Zoogeography, Smith (1931, p 16) remarked 

‘Tho duperaal of most of the species that exist today took place at a time when the 
geographical conflguration of the country was very different from wliat it is today The 
number of species that are common to the islands of the Malay Archipelago and the 
continent of Asia is one proof of thu, the present distribution of Qhan^ {Oavtalv 
gangeheut) and of the Freshwater Turtles, e g , Ctntra and Pelochelyt, m rivor systems that 
are not now connected together is another It seems equally certam that the Indo 
Chmese hill tortoises, Teatudo elongata and Oeoemyda tncannata did not extend their rauM 
into the peninsula of India (Chota Nagpur) by orossmg tho Qangetic Plain True hill 
species for this reason are of greater interest and value in the study of zoological distnbu- 
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tion than lowland forms They are just as much isolated by the conditions under 
which they live as if they inhabited islands, and their occurrence on widely separated 
mountain ranges is good evidence that a more direct connection between these ranges 
existed m past tunes than is to bo found today ’ 

All this IS very true, but Smith failed to indicate the connections which coiild 
account for the many anomahes in the distribution of the Crocodiles and Chelomans 
In fact, m his second volume in the Fauna (1036, p 16) on Sauna (Lizards), ho is 
unable to explain these anomahes of distribution Ho states 

‘The close affinity which tertam Indo Chmeso and Malayan lizards have with others 
that inhabit Southern India—the northom part of the Indian Peninsula being without 
them—raises an mtoresting point m zoological distribution The rcsomblanoe which 
Daeta olivaeea bears to D eiibeaertileum, Lygoaoma vuiculatum to L dusaumitn, and 
Rwpa bownngi to li albopunotatu», is so close that one feels convinced that if one has 
not been derived from the other they must surely have imd a common ancestor The 
genus Draco has a sitpilar distribution, Varanun ualvator occurs m Ceylon and in Indo 
China, but is absent from the whole of tho Indian Peninsula, and there are similar 
parallels m distribution among tho mammals, birds, fishes, and insects Why are they 
absent from Korthem India T Have they died out in that area, or was there at one 
time a more southern route across tho Indian Ocean by wh«h they could travel t’ 



Tbxt wo 6 Dismemberment of the Indobrahm m tho late Pleistocene Period and the birth 
of the Indus and the Ganges as separate rivers AJtcr Dr D N Wadva {Proc Nat 
Inat Set India, 4 , 380, 1938 ) 

‘At the end of tho Siwalik epoch an uplift of the ground between Hard war and Bikaner 
disoonnected the Indus system from the Ganges portion of the Indobrahm, thus splitting 
up that nver mto two separate drainage basins' (Wadia) 

I beheve the route I have suggested above along the Vindhya-Satpura Trend of 
Mountains meets with all the requirements of zoogeography in India so far as the 
occurrence of Malayan element in its fauna is concerned The most interesting 
point IS that all these changes were, comparatively speaking, recent and that they 
are more or less supported by the evidence that has accumulated in recent years 
oonoerning the palaeophysiography of south-eastern Asia Fra instance, Wadia 
(1943, p. 41) has pointed out that 

*1^ period immediately succeeding the Tertiary was a period of intense orogenic 
activity in North-West India, it being the final phase of the uplift of the Himalayas, 
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during which, to Judge from various evidenoes observed m t hft j*i r Panjal, the Kashmir 
HimaLiyas were liftM from 6,000 to 8,000 feet The tUtihTttd folding of the nver 
and lake formed Karewas with the fossil plants, flsh, batrachians, eleplias, rbmoceros, 
and a few human implements, and their extension to altitudes up to 11,600 feet, afford 
a rough estimate of tne extent of the movements and of their time duration ’ 

These intense movements m the North-West India must have had perousaions 
over the entire Indo-Gangetic Basin and affected the Vmdhya-Satpura trend of 
mountains It seems likely that orogemc movements of this penod may have dis¬ 
membered the Indobrahm nver and produced the Garo-Rajmahal Gap which 
blocked the further migration of the so-called Malayan fauna to South India 


Aoknowlbdohbmts 

I am grateful to Dr Malcolm A Smith, Lt -Col R B S iSewell, Dr A T 
Hopwood and Professor H L Chhibber for kindly going through the typescript 
and favimnng me with their comments and suggestions Dr Hopwood’s note is 
reproduced here in its entuety under‘Discussion’ 


SUHHABY 

The djuBtnbution of Crocodiles and Clielonians m Ceylon, India, Burma and Farther East is 
tubulated m accordance with the data given in Smith’s revised edition m the Fauna of Bnttah 
India oerios Short descriptions of the zoogeographical areas recognised by Smith and of the 
ecological factors influencmg ammal life therem are given. 

Of the 61 species of Crocodiles and Oheloiuans inhabitmg the Indian Itegion, on© species 
of crocodiles and four species of turtles are either ostuanne or marine Of the remauung 
66 species, 8 are common to the Indian and Indo Chinese Kubregions, 14 are conhned to the 
Indi^ Subregion and 34 to the Indo Chmese Subregion The sigmhcanoe and value of dis- 
tnbution of species of each of these groups is separately elucidated 

The distribution of i^cies of the Indian Subregion shows (i) that some of the species 
are still m the process of evolution and that m uertam characteristic ecological complexes a 
number of endemic species have evolved, (u) that there is deflmte evidence of tho migration 
of Malayan forms to Fonmsular India, (ui) that the Indus and the Ganges must have formed 
a continuous river system once and that at some sti^ the Mahanadi and Godavan had oonneo- 
tions with the Ganges System, (iv) that there is evidence of the imgration of certam North 
Western desert forms to Peninsular India and Ceylon, and (v) that the Uhota Nagpur plateau 
must have been in the route of migration of the Malayan forms to Feumsular India 

Southern China seems to be the probable centre of origin of the fauna and roferonce is 
made to the antiquity of the Crocodiles and Chelonians It is shown that tho present-day 
Indian forms are at least as old as the Pliocene 

A brief account of the evolution of the geography of South Blast Asia is given and the origin 
and dispersal of tho fauna is discussed Tho meet remarkable tlung to not® is that tho various 
palaeogoographioal changes responsible for tho present day distnbution of animals m India seem 
to be of comparatively recent ongm and are probably associated with the mtense orogemc 
activity immediately rfter the Tertiary when the Kashmir Himalayas were lifted from 6,000 
to 8,000 feet 
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Disodssion 

Dr A Tmdell Hopwood of the British Museum (Natural History) sent the 
following comments with regard to the evolution of the geography of South-Eastern 
Asia and distribution of certain suluctod species 

‘The E W valleys of Central Asm are lonnected with the Horoynian (i e Carboniferous) 
oro^uesis Their relatively simple arrangement was strongly influenced by the much later 
Alpine Uiinalayan movements whnh began at the very end of the Cretaceous, contmued at 
intervals durmg the Tertiary, gave a lost heave at the beginning of the upper Pleistocene and 
have not yet entirely died away 

The curious disposition of the mountains to the W N and R of Tndin is a result of the 
squeezing out of the Tethyan geosynclino btitween Iiaurasia advam mg from tlio north and the 
Indian block, or fragment of Oondwanaland from the south The opposing fronts squeezed 
the soft contents of the geosynclme into the E W Himalaya but, smte the Indian block was 
much narrower than Laurasia its advance threw the sediments on either aide mto N 8 folds 
os m E Baluchistan and m Burma 

Eventually Laurasia over rode the Indian block, or if you prefer it, India dived under 
Laurasia In any event the elevation of the Tibetan plateau was caused by this movement 
which also tilted the Indian block and earned down tho Vmdhya Satpiira hills In the fore¬ 
deep 80 formed on the soiithcni front of the Himalaya tho Indo Oangotic plnm was formed from 
the sediments woslied down from the rismg mountains 

The Vindhya Satpura ranges, the Eastern Ghats and the NUghins are extremely ancient 
features representing eorly Palaeozoic (Cambrian T) orogenesis 

If the Brahmaputra is an old river which onginally flowed m an E W valley, its mouth 
must have been somewhere on the China Sea, and one is templed to speculate that ife eastward 
continuation is now represented by the Yangtse Kiang If that wore so the mtcrruption would 
have been brought about by tho elevation of the mountains which now till the gap between 
the two nvers and the Brahmaputra would be a very old river mdood datmg back to Permian 
or even Carboniferous times It seems more likely, however, that the river did not exist prior 
to the first elevation of the Himalaya and that it took its origin from the drainage of the northern 
slope of that cham accumulating m a parallel valley Tliere it flowed eastward The southward 
bond m Tibet is conditioned by tho general structure of that area, and the same factor governs 
the westward bond in northern Assom 

The reversal of drainage which ended the Indo Bralim and gave rise to the Ganges and 
Indus IS poet Middle Pleistocene date The same earth movements wore responsible for the for 
mation of tho Garo Rujmahal gap 




a Gotnolw gangeticue 
b OroeodUite ^ualna 
o Cyelemya mouAoti 

d. Oioemyda Inoannata 

e. O Inguga 

f Kaohuga Mongolia 
g Batagur baaJca 
h Teatudo elongata 
i iMtemya mnetata 
j Okitra xnmoa 


\ the Diatnbulion oj certain eelected Speciea 


I, 2, 3, 8, 9, 11, 12 


Of these 6, i, j ore old species in India and mvaders in Indo China, o and k are old m Indo 
China and invaders in India The diftlcull genera are Omemyda, Kaohuga, and Batagar 
Qeoemyda probably invaded India and Kackuga invaded Indo China Batagur might have done 
Mtbw, but 1 think it went from West to East ’ 


The foUowing diBcussion took place when the paper wets (ximinuiucated by 
Dr Hora at the Ordinary General Meeting held on May 4, 1948 — 

In cmiuiiuiueating his paper entitled ‘The distribution of Crocodiles and Chelonians in 
Ceylon, India, Burma and Farther East’, Dr 8 L Hora gereraUy refo<Tod to the distribution of 
the Vertebrate in India, with particular reference to the so-called Malayan afllmties of tho 
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vortobrnfoi fauna of the Malabar Tract of the Western Ghats He attention to the fact 

that after the completion of the Fauna of Bntuth India volumes on Vewebrata, Blanford pub 
lished an account of the distribution of vertebrate animals m the Phtloaophuial Transactions 
of the Royal Society of London m 1901 Some of these Fauna volumes have now been revised 
and 111 the light of new knowledge concemmg the systematus and goographital distribution of 
the vonous animals, it was now possible to comprehend more fully the zoogeography of the 
forms showmg discontmuous distribution This article. Dr Hora pointed out was the first 
of a senes that would be published on this subject 

Dr Hora then desrnbod the probable routes of migrations of the Malayan forms to the 
Western Ghats and stated that os Bay of Bengal is a very old feature of the physiography of 
India, the rmgration of freshwater turtles and tortoises could not be across this region As 
most of these forms were not found m the Western Himalayas, they tould not have been pushed 
down as a result of glaciation The rosomblanco of the Chelonian fauna of the Chota Nagpur 
Plateau with that of Assam, Burma and Farther Bast on the one hand and with that of the 
Malabar Tract on the other showed that Chota Nagpur must have formed a part of the route of 
this migration This, Dr Hora said, confirmed his earlier views bused on the study of distri¬ 
bution of torrential fishes, and he was feohng more and more convmced that the Satpura Vmdhya 
trend of mountains must have been continuous once with the Assam Hills and the Bastem 
Hunalayas on the one hand and with the Giijerat section of the Western Ghats on the other 

Dr Hora tlion referred to the necessary climatic conditions over tho Vmdliya Satpura trend 
for makmg possible the migration of the rain forest dwelling spei les common to the Blalabar 
Tract and Assam Burma region Ho opined that when this imgration took place the ISatpuras 
and tho Vmdhyas must have been much higher ranges which could intercept monsoons more 
eflectivoly so os to give an annual precipitation of 100' to 160' per annum on their slopes resulting 
in luxuriant vegetation He stated that Dr S K Banorji, Director General of Observatones, 
has computed that for this amount of precipitation, the Natpuras must be raised to 6,000 to 8,000 
feet above sea level 

Kcfomng to tho geological period when this migration took place. Dr Hora stated that 
tho evidence so far available to him showed that active migration was facilitated by orogemo 
movements consequent upon tho uplifts of tho Himalayas during the later Tertiary or Quartemary 

Dr S K Banerji oxplamed with reference to the monsoon currents in tins region bow the 
figure of 6,(HI0 to 8,000 feet elevation of the datpuras was computed so as to give Dr Hora 
olunatic conditions, consequent on ramfall, equivalent to those prevailmg in Assam and the 
Malabar Zone Ho stated that from the very nature of the proposition put to him, it was 
difficult to answer with any degree of precision but tho values given could be taken as very 
good approximations 

Dr S F Agharknr stated that the hiU top floras of the Westeni Ghats and tho Assam- 
Burma HiUs showed resemblances almost identical with those described by Dr Hora among 
the faunas He also agreed with Dr Hora that the Satpura Vmdhya trend of mountains could 
serve as tho route of migration when tho chraatic conditions over the entire area were more 
or less uniform and conformed with the present day eonditions m the Bastem Himalayas, Assam 
Hills and the Malabar Zone 

Dr D N Wadia stated that as a geologist he welcomed the studios that wore being conducted 
by Dr Hora, but that more detail^ information and data were necessary to e^blish the 
probable route of migration of the Malayan forms to the Western Ghats 
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A NOTE ON AN ANALOGY RECJARDING OPERATORS IN 
DIRAC’S WAVE EQUATION FOR THE ELECTRON 


liil S Guppa 

Tata Inatilnte of Fundamental Jlfstarrk, Bombai/ 
(CommunRated by Dr H J Bhabha, F R S ) 
{]{(reived March 15, read ipitl Z, 1948) 


I The Dirac equation for the rlo( tron 


kd^ 

-iTt^ 


the ib-iciu c ol 


ht Id IS 


(I) 


whore the Hamdtouian H is given by «. 

If = c(«iPi+aj;j2+«3P3+a4Woc) (!') 

With the four a operators in tins Hamdtonuin as pointed out by J v Niumuin 
( 1928 ), 16 opeiators can be formed (by multiplication) which are linearlv in 
dependent and it is expected that some physical signihcaiKi can bc' attiibutcd to 
each of them Different authors associate these matrices with ph>si( il quintitics 
in different manner Some have worked in terms of dcisities (in Dune Dirwin 
sense) and their opeiators are slightly different from thosp wlio hive prefeind to 
argue m teims of the ope raters themselves as representing the ph> sie al quantitic s 
Below IS written the whole set of operatois in a group S indicating the physicil 
quantities with which they aio associated and which are m common use * 

SI Jo = 1 > cliirgo oporitor, 

Jl> J*> Js = «i- «2. «!• euircnt opeiatois 

II Pi, Fg, Ps = —t«4ai, —»a4a3, —ja4a8 uleictiie momi nt opc r itois 

Ml, Mi, Mi = —ta40c*as, —i«40C30Ci, —i«4ai«3, magnt tie moment 
ojiorators 

III Ao, El, Aj, K3 = —tajagag, —lajag, —lagai, — laja* spu opeiatois 

IV I, J — a4, agaxagiXs not definitely identilud 


The densities (m Dirac Darwin sense) of I, 11, III and IV an tiaii 1 nmcl as 
a four vector, an antisymmotiical tensor of the second rank, an antisyinmctiK al 
tensor of the third rank and invariants resxiectively , but these o^Kuators the rasolves 
have no such transformation properties 

For the discussion of the Loientz invariance the most useful foim of (1) is 


«4 y* = «4«* (i = 1, i, 3) 




• Kany authors beguuung from Dirao himself liave interpreted many of the ue opemtora m 
the manner stated here We have left aside the oonstunt taotors which iro associate with the 
operators 
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8 GUPTA 


NOTK ON AN ANALOOT BEOABDINa OFBBATOBS 


The Lorentz invariance of (1*) with gwen yt* demands tl3fc*#t)r the orthogonal 
transformation defined by 

r - U^x'' 


there shall exist a similarity transformation of y** given by 

yl" V/1 = Za-V 

If •/*, when transformed in this sense, is called a foui vector, a set S' of tensois can 
be defined as follows 

S’ I' y**, a four vector 

Jo. Ji. h< h = y®. y‘ y*. y* =■ «4 «4«i. «4«i «4«s 

ir ty^y", (m 5 *^ Wi an antisymmetnoal tensot of the second rank 
Pj, P^, Pj ra tylyO, lyiytt. ty®y® = — *«i, — t«j —1*3, 

Ml, Mi, Mi = *y*y*, »y*y'. »y*y* •“ —— tasai, — taja* 

III' ly^^Py*. (^4an antisymmetnoal tensor of the third rank, 

Ka, Ki, Ki, Ki = »yV*y*, »y*yV »y»yV. »y W 


»» —»a4aia*«8, —»a4«ga8, —ra4«8ai —ia4ai«» 
IV' yiyJySyO a aia2a3 =» ./', an invariant 


It IS to bo noted that the set S can bo obtamed from S' simply by multiphoa- 
tion with a4 from the left and vice versa In this note it will be shown that 8 and 
S' are related to one another m a manner such that any operator of one set can be 
expressed m terms of tho correspondmg oporators of the other set Moreover, this 
relation has a formal analogy with Lorentz transformation such that quantities 
m 8' correspond to a set of vectors in rest system and those m 8 to a set m a 
movmg system 

2 For a free electron H and p, tho energy and linear momentum operators 
respectively are mtegrals of the equation and are constants, and further 

H* a C»l>»+Wlo*C« (2)- 


Using these properties of tho free electron, 8' can bo expressed m tertns of 8 in 
the following manner 




H ) (M V)Ph H 


,wocaj 






i H ([px(pxK)]* £r 1 , „-i I 


(3) 


(4) 


(») 
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The first equation of (3) is obvious from the Hamiltoman itself and the first 
equation of (5) can be obtained by multiplying from the right both sides of (1') 
with — MCi«2as For the second equation of (4) we operate with on (1') from the 
right and have 

= A I + ; P]* [ . (6) 

( * f nifyC 

where r •*> aia2a3a4 Again, since 

(ff—a4«Jo»*)T = tc(M p), 

on operating with from the loft on both sides of this equation and 

takmg equation (2) together with tho relation 

HoLt+OLiH = 2woc* (7) 

mto consideration, wo have 


■r"‘~(II-a.4nu:»)(Ill p). 

When this expression for r is substituted in (6), the second equation of (4) is 
obtamed In a similar manner tho first equation of (4) can also be deduced 

For the second equation m (6) equation (!') is multiplied from the right by 
it* (h ■■ 1, 2, 3) which gives 

Agam, 

{if—a4moC*}i«* = tcp*+c [PxK]^ 


We operate with H—aimoc* from the left on both sides of this equation and takmg 
(2) and i7) mto consideration, wo get 


J_ 

m^c 


( ^ ^ [PXK]^ _ %p,( H \ 

\moC* V p* IotoC* **/ 


With this expression for ta* equation (8) redu< es to the second equation m (6) A 
similar process gives the second equation of (3) 

3 In (3), (4) and (6) we have a set of equations m which the quantities of set 
8' are expressed only in terms of the corresponding quantities m S and the elemen¬ 
tary mtegrals H and p If now an mterpretation of these equations bo attempted 
by returning the operator vectors on tho right of these equations and rcplaomg 
p, H by their expectation values, namely, 

wipe wipe* 


respectively and *4 by its eigenvalue-fl (positive energy) in tho usual manner, we 
get to the following set of equations 






[TX(VXi)]* . 
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l»TE ON AN ANAIAHIY B^XJAROINO OPKBATOB8, 


n = {‘ -y) ~I— +y {n- " tv 

Af* = (1-y) +y IVXP], 




A„=»y|Ao 

tvx{vxK)J^ 


-i(v K)|, 

+yk*-! 


y = (l-/92)-‘.;8 =*./<• 


(6') 


These lelatinns are ulentiial with the traiisroimation formulae of a four vet tor, an 
antisymmetrical tensor of Iht sotoiul tank (olottiic and magnetfL monieiit tensor) 
and an antisymmetrical tensor of the third rank (which is transtormed like a veetor) 
m the theory of relativity* (Frenkel, 1926) in which S and 8' behave as two co- 
ordmate systems, S' moving relative to S with velocity v The reciprocal relations, 
namely, S set in teims of S' are easily talculatcd and can bo obtained from (3), 
(4) and (5) simply by changing the sign ol p, just as in the Lorentz tiansformatioii 
iormiilao only the sign of v has to be t hanged m such a taso This < hanging of the 
sign of p IS the sumo as operating with on both sides of (3), (4) and (6) from the 
right The mtcrprotation of (3), (4) and (6) by replacing only p, H by their 
expectation values, and a4 by -|-1 f and retaining the other quantities in their 
apparent tensor form may not bo quite legitimate so far as the behaviour of the 
Dirac c'lectron is cone ei nod but tho icsemblance of those equations with the Lorentz 
transformation of tensors and vectois is so striking that this identification may help 
to bring to light some inner relation between tho two sets of operators for which 
physical interpretations relating to tho clcmontaiy projicrties of the electron have 
been jiroposod It should be remembeied that in S' sot tho operators themselves 
behave as vectors and tensors ui the sense defaned before, while in 8 set only tho 
densities, that is the operators associated with tho wave functions, behave as such 
S' set behave as quantities m thoir proper system and in this set only the charge 
(^g), magnetic moment (ilfj j), and (if' , Ag) operators are hormitian (real) 

and the rest are non-hermitian, whereas in the S set all the quantities are hermitian 
(of Frenkel, 1934, p 317) The operator a* which transforms one sot into another 
formally plays tho part of a Lorentz transformation These are tho furthest hmits 
to which probably the above analogy can bo pushed Whether this analogy with 
Lorentz transformation is more real than it appears and represents some properties 
of the electron is more than wo can say at present 
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Introih cnoN 

The recent demonstration of endopolyploidy in yeasts (Subramaniam, 1947a) 
makes it possible to give a rational explanation of the technique of liandhng yeasts 
for cytological investigations It would be admittoil that cells should be in active 
vegetative division in order that mitotic stages may be studied by various mcthcxlB 
of fixation and staining Therefore, n clear distiiKtion should be made between 
(1) the handhng of cultures of yeasts for cytological inveatigiitions and (2) the methods 
of fixation anci staining employed to demonstrate the mitotic stages The im¬ 
portance of the above distim tion can only be appreciated when it is roahsod that an 
aerobically growing culture would gradually change into a fermenting one with 
the gradual depletion of the dissolved oxygen m the medium Fermenting cells 
are like gland cells and if culture conditions are not standardised, prepaiations from 
such cultures would present a baffling array of pictures The use of a variety of 
methods of fixation and staining as done by Nagel (1946) cannot improve matters 
A careful perusal of the hterature shows that none of the previous inveHtigaUire either 
tried to standardise the methods of handling yeasts for cytological investigations or 
attempted a correlation of the changes in the cytohgmil behaviour of yeasts under varying 
physiological conditiona 

It was emphasised in a previous pubhcation (Subramaniam, 1946) that if eyto- 
logical investigations are carried out on rapidly growing cultures, the nuc lear phases 
m yeasts could be demonstrated wnth ordinary staining procedures From a pieli- 
mmary investigation of the behaviour of the chromosomes in Neurospom crasaa, 
MoChntock (1946) remarks ‘No distinctively unique features of cliromosomal 
organisation were recogmsed ’ 


VOr. XIV—No 7. 



316 


SUBRAMANIAM STUDIBS ON THE CYTOLOGY OF YEASTS 


Since yeasts are considered to be the products of d«|p||grative evolution from 
higher Fungi (Guilliermond, 1940), there appears to be no vabd reason why the 
cytology of yeasts should be difterent from that of higher Fungi 

A Critical Evaluation of some Recent Publications 

Nagel (1940) in a recent publication makes the ama/ing statement ‘The body 
most frequently referred to as the nucleus (Guilhermond, 1910, Badian, 1937, 
Beams, Zell and Sulkin, 1940) is called the centnole by another school (Lmdegren, 
1946) and the nucleolus by a third (Wager and Peniston, 1910) ’, and arrives at the 
conclusion that ‘ after one hundred years of cytological work, the organisation of the 
yeast nucleus is still a matter for debate among authorities, even as to the elementary 
points’ There appears to be very little justification for such pessimism, for identi¬ 
fication of the organelles m a cell are based on established criteria A careful 
perusal of the Glossary in Darlmgton’s Recent Advances in Cytology (1937) would 
show that there can bo no confusion in the identification of a nucleus from a nucleolus 
and a centnole from both' Without trying to identify the various cell organelles 
in yeast based on the above established cntoria, Nagel unnecessarily complicates 
issues by coming new terms 

From the tabulated statement given by her (p 268), it would be evident that 
while Janssens and Leblanc (1898), Guilhermond (1903, 1910 and 1920), Kohl 
(1908), Henneberg (1916), Kater (1927), Badian (1937), Brandt (1941) and Subra- 
mamam and lianganathan (1946, 1946a, b) identify the same cell entity as the 
nucleus, it is only Wager and Peniston (1910) and Lmdegren (1946) who try to identify 
the nucleus of other workers as the vuckolm and ceniriole respectively The 
‘vacuole’ of other workers, on the other hand, is identified by Wager and Peniston 
and Lmdegren as the nucleus 

Nagel (1946) definitely states that the cell entity identified by the majority of 
workers as the nucleus is Feulgen positive, while the ‘vacuole’ is Feulgen negative 
Greenstem m his review on nucleoprotems (1944) states ‘At the start of the nutotio 
cycle (prophaso) there is an accumulation of nucleic acid m the chromosome which 
reaches a lugh value in the metaphase and largely disappears at the telophase This 
nucleic acid is of the desoxyribose type, for it yields a positive Feulgen reaction, m 
no other place, other than the chromosomes, is this type of nucleic acid found’ 
(p 274) If this is the established location of desoxyribose nucleoprotems m organ¬ 
isms, the identification of a Feulgen positive body m the yeast as the ‘nucleolus’ 
or the ' centnole ’ is unwarranted The ccntnoles and nucleoli are Feulgen negative 
and Nagel admits this is so (p 266) ' 

Lmdegren tried to argue that ‘the desoxyribose nuoleoprotem nature (Feulgen 
positive) of nuclei of higher organisms does not necessarily mdicate its imiversahty 
m the chromatm of simpler orgamsms’ (Nagel, 1946, p 266) There appeanrto 1» 
no justification for the above, since Avery, MacLeod and McCarty (1944) extracted 
not only a desoxynbose nucleic acid from Pneumococci but also showed that such 
an extract from cells of the encapsulated Type III induced the if variants of Type II 
to become encapsulated ‘Inheritable morphological, serological and chemical 
alterations m a living orgamsm are thus induced by a specific chemical substance, 
m this case a polymerised desoxypentose nucleic acid’ (Greenstem, 1946, p. 280). 

Realising probably the untenable position taken up by him, Lmdegren (1947) 
suggests that in view of Rafalko’s (1946) work, ‘the yealrt chromosomes contom 
desoxyribose nucleic acid and are apparently conventional m this regard ’ (p 63) 
The bodies identified by him as the ‘chromosomes’ m the ‘vacuole’ and claimed by 
him as composed of ‘volutm’ are now considered to bo of the conventional type 
Nagel (1946) is sure that the ‘vacuole’ and its contents are Feulgen negative and that 
granulM are lacking m the vacuole PVom her Table V (p 269) it is apparent that 
only 14% of the cells showed any granules in the vacuole and of these only 2% 
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showed any pairing It is from tlus negligible percentage (2%) that Lmdegren 
identified these bodies as 'chromosomes’ based on ‘their structure and behaviour’. 
Nagel says ‘If the magnicorp (vacuole) is nuclear, the variabdity of the number 
of particulate units is suspiciously great’ (p 267) Lmdegren does not offer any 
proof that the homologies ol the structures described by him are identical with 
those described by Rafalko It appears that Rafalko himself is doubtful of hifl 
identifications of tlie stained bodies in Foulgon preparations as the contriolo and the 
nucleolus, since these terms are used within inverted commas The con/witon ta, 
therefore, not due to want of eatabhahid criteria hut appears merely to be a question of 
personal predilection Thus having tried to identify a Feulgon positive body as a 
‘centnole’ instead of a nucleus, Lindogroii suggests m his recent contribution that 
‘the desoxyribose nucleoprotein m the centnole is the ec|uivulent of the heterochro- 
matm in cells of higher organisms’ (l')47, p 64) ('asporsson and Brandt (1941) 
considered the volutin grams in the cytojilasm composed ot ribonucleic acid as the 
equivalent of the hetoroc hromatin and nuc loolus of higher organisms The body 
identified by Lmdegren in yeasts as the ‘centnole is not only Feulgon positive but 
does not form a spindle dm mg mitosis and oven though lying outsicle the nucleus is 
yet considered to be hetciroc hromatin Contnoles of the conventional type with 
centrospheres have already been demonstrated (Kaiiganathan and ISubramaniam, 
1947) Further, m Parts II and V of tliose studies (Hubramaniam, 1947, Ranga- 
nathan and Subramaniam, 1948) criteria are discussed lor the identification of 
hoterochromatm and based on those ceitam parts of chromosomes have been identi. 
fied in yeasts as the hetorochromatin 

In view of the above confusion a restatement of tho criteria for the identification 
of chromosomes has become necessary 

Criteria and Definitions 

Investigators of the cytology of higher plants are never worried over criteria 
for the identification of chromosomes Those engaged in tho study of the nuclear 
apparatus of yeasts and bactewa are forced to consider these criteria for a corrpet 
appreciation of the probleme facing them To define criteria for the identification 
of a chromosome, one has to fall bock on two different sources of evidence These 
are (1) physiological and (2) chemical To do this one has to start with the de¬ 
finition of the nucleus Darlmgton (19J7) defines a nucleus as a ‘tell bexly which 
arises or reproduces by mitosis’ (p 61) Now, what is mitosis i Mitosis is the 
‘separation of identical halves of the split chromosomes into two identical groups 
from which two daughter nuclei are reconstituted’ (p 22) This takes us to a defi- 
mtion of the chromosomes, for chromosomes are ‘the bodies mto which the nucleus 
resolves itself at the begiiming of mitosis and from which it is derived at the end of 
mitosis’ (p 674) The crucial test for a claim of mitosis is, therefore, the demon¬ 
stration of the anaphase, which is defined as ‘the stage at which daughter chromo¬ 
somes move apart in a nuclear division’ (p 672) 

In the year 1879 Flemming introduced the word chromatin to refer to the ‘deeply 
stainmg substance of the nuclear network and of tho chromosomes, consisting of 
nuclein’ (Wilson, 1904, p 439) Usages of particular terms have changed with the 
rapid advances m our knowledge, but even today, the term chromatin is used to 
refer to ‘the part of tho chromosome that stains deeply during mitosis as opposed 
to the achromatic part’ (Darlington, 1937, p 674) Thus having obtained a clear 
idea of the physiological criteria for the identification of chromosomes let us turn 
to the chemist’s idea of chromatin Mirsky and Polliator (1943) state ‘From the 
above we may conclude tentatively that chromatin is almost entirely made up of a 
fibrous nucleoprotein, soluble m strong saline and procipitable by dilution This 
substance is a complex of desoxyribose nucleic acid with a protein It has long been 
generally accepted that nucleic acid bulks largo in tho compoeitiqn of chromatin. 
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and since the development and widespread apphcation ofjtoe Feulgen nucleal reac¬ 
tion, it has become equally clear that the nucleic acid contamBOT its sugar component, 
the doBOxypentose, d-nbo desose All this our analyses of chromatin confirm ’ 
(p 268) The chromatin isolated from leukaemic blood cells by Claude and Potter 
(1943) gave a positive Feulgen loaction and was shown to contain 40% desoxyribose 
nucleic acid 

Spkoificity op the Feulgen Reaction 

The recent discovery of the acidic protein ‘ cliromosomm ’ by Stedman and Sted- 
man (1943) led to a controversy whether the Feulgen reaction stains the ‘chromo 
somin’ or the desoxyribose nucleic acid 8tcdman and Stedman were of the opuuon 
that desoxyribose nu( h ic at id oi«iirs not in the cliromosomes but in the nuclear sap, 
and that it is the new compoiintl formed as a lesiilt of the interaction of the above 
with the fuchsin-sulphurouB acid that stains the chromosomes On the basis of the 
above argument, Choudhuii (1943) developed the colour in leuco-basic-fuchsin by 
addition of an aldehydo and using tins claimed that it stained the chromosomes in 
an identical way as Feulgen s teihmque Carr (1946) claims (1) that by changing 
the pH, the colour of basic fuchsin could be changed, (2) that the specific staining 
of the nucleus is the result of the destruction of the cytoplasmic structures, and 
(3) that the staining of the chromosomes is a mere adsorption phenomenon How¬ 
ever, the above arguments have been contested and iiroof has been adduced that 
desoxyribose nucleic acid occurs in the chromosomes and not in the nuc lear sap 
StowoU and Albers (1943) showed by spectrophotometric analyses that basic fuchsm 
differed from leuco basic-fuchsin to which a trace of formaldehyde had been added, 
and stamed nuclei m thymus gland horn both The nucleic acicl in the chromosomes 
were chgostod with the desoxyribose nuclease by Mazia and Jaeger (1939), Serra 
(1943), Dodson (1946), Stowell (1946) and Brachet (1946), and it was shown that the 
protoid cores of the cliromosomes loft after such digestion do not stain by the 
Feulgen teclimque It appears that after hydrolysis for one and a half hours (Stowell, 
1946), when fuchsm sulphurous acid fails to stain any nuclei, the developed nucleal 
stain still stained the nuclei diffusely Sections stained by basic fuchsm, developed 
nucleal stain and by Feulgen technique also differed m the rate of faidmg when 
exposed to a carbon arc (Stowell, 1946) The Feulgen stamed preparations wore 
found to bo more resistant than the others Though the colour of the structures 
stained by basic fuchsm could be altered by washmg with hydrochloric acid, the 
losultant coloui is different from that soon after Feulgen stammg Hydrolysis may 
destroy the mitochondria but does not appreciably change the dry weight of the 
tissues (Dcxlson, 1946), but later staining of the various cytoplasmic structures 
depends on the type of fixative useil But even after hydrolysis, some cytoplasmic 
structures and the nucleolus which do not stain with the Feulgen reagent could be 
stained by the routine stains (Stowell, 1946) Staining of the chromosomes has also 
been shown not to be a mere adsorption phenomenon, since attempts to induce 
nuclei, which were made Feulgen negative by prolonged hydrolysis, to adsorb 
thymonucleic acid, proved a failure (Stowell, 1946) It has thus biwn emphasised 
(Dixlson, 1946, Brachet, 1046, Stowell, 1946, 1946) that m the present state of our 
knowledge, the Feulgen techmque offers a specifio test for the location of thymo¬ 
nucleic acid in tissues 

Technique 

(o) Prtparaltan of Wort and Wort agar —^The usual method of preparation of 
wort m this laboratory diffei s m some details from the method suggested by Stellmg- 
Dekker (Henrici, 1941) Fifty grams of barley malt with 260 o c of water and a 
layer of toluene in a 600 c c flask are incubated at 66°C overnight It is filtered 
through a Buchner funnel and while the filtrate is kept separate, the residue is mixed 
with 100 c 0 of water and cooked for 30 minutes at 10 lb pressure. After cooling, 
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the filtrate from the first digestion is added and the fiask and its contents again 
incubated overnight at the same temporatiire The contents are then filtered The 
specific gravity is adjusted to J 020 and the jpH to 4 B-6 0 Roughly every 60 gm 
of malt gives about 360 c c of wort This is sterilised at 10 lb pressure for 30 
minutes, and if a precipitate appears on standing it is again filtered and sterilised 
This wort 18 used for experiments only after standing for a few days 

For preparation of wort-agar, 2 gm of agar are added to every 100 c c of wort 
of specific gravity 1 020 and a pH of 0 8, autoclaved at the above pressure for the 
same duration, faltered through glass wool while hot, tubed and again sterilised 
before the preparation of slants 

(6) Methods of Seeding and Smearing —Material fiom a 24-hour growth on an 
agar slant is inoculated into a test tube tontaming about 5 c c of wort After the 
lapse of 24 hours, the contents of the test tube are well shaken and discarded and 
an etjual volume of wort added to the tube The tube is again well shaken and a 
loop from the above, which would contain some 30 to 60 tells, is inotulated into 
100 c c comcal flasks containing about 6 c c of wort forming a layer, a few milli¬ 
metres in thickness, at the bottom The final inoculation is carried out mside a 
sterile chamber and the flasks are loft insitle the chamber for 24 hours Richards 
(1928) mentions that the same amount tif seeding in an identical quantity of the 
medium produces almost the same amount of growth whethoi c iiltured in teat tubes 
or in petn dishes, in spite of the differences in the area exposed to air Our observa¬ 
tions indicate that growth is better when grown in thin layers of wort in comcal 
flasks Growing in fieisks simplifies handhng and also shows less number of dead 
cells. 

The few cells seeded utilise most of the sugar for growth and ferment the rest 
Hence, after the lapse of 24 liotirs, the flasks show a layer of resting cells with a very 
small percentage of budding ones The spent medium m I he flasks is carefully poured 
out without disturbing the layer of yeast, and replaced with throe times its volume 
of fresh wort and well shaken in order to ensure a uniform distribution of cells A 
stop watch 18 started at the time of changmg the medium The cells begin to settle 
at the bottom of the flask 16 to 20 minutes after the aihhtion of fresh medium and at 
the stipulated interval the wort is carefully poured out and the layer of cells loft 
at the bottom utilised for making smears 

It was found that to smear and transfer a slide to the fixing bath would take 
30 seconds Tlius, if the smearing of the contents of a flask is done in an orderly 
fashion, progressive stages separatod by half-minute intervals could be obtained 
The contents of eac h flask are used for making only 10 slides For example, if the 
smearmg is done of tho contents of a flask containing a 30 minute growth, the first 
shde would give the picture at tho 30th mmute while the tenth would bo that of 34 
nunutes and 30 seconds Thus, 10 slides oach are maile from thu contents of flasks 
30, 36, 40, 46, 50, 66 and 60 minutes after changing the medium These seventy 
slides give one a glimpse of the cytological changes taking plac-e during these 36 
minutes (30 to 66 mmutos) at regular intervals of about 30 seconds 

(c) Methods of Fixation —^The yeast is removed from tho flasks with a pippette, 
and a small quantity is placed on a slide coated lightly with Mayer’s albumm It is 
smeared carefully to give a umform layer, one cell thick The smear is +hon exposed 
to ammonia vapour for a few seconds and carefully transferred to troughs contaming 
either Carnoy’s alcohol acetic-chloroform mixture or Bonin’s fluid If tho cells 
show a tendency to get dislodged from the slides, which happens when the yeaat 
emulsion is a bit thm, tho slides are kept inverted over a trough of Carnoy’s fluid for 
two minutes and then transferred to the fixatives 

As a prohmmary to staining by thq Feiilgen technique the smears without pre¬ 
treatment with ammonia are fixed in oemic vapour for 30 mmutoo One c c of a 
2% osmio aoid solution is introduced into a stairung trough with grooved sides 
intended to hold ten slides, and the smears are kept above the layer of osmic acid by 
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placing two glass rods at the bottom It was foimd that a umform fixation, 

the slides should bo reversed at the end of 16 minutes. 

From experiments, it appears that fixation for one hour in Carnoy’s or Bourn’s 
fluids gives the best pictures Bohm shdes are washed in 70% alcohol and stored 
in the same, while Carnoy slides are first washed in rectified spirit and stored in 
70% alcohol after being passed through 90% alcohol 

Sbdes fixed in osmio vapour for 30 minutes are first dried and then transferred 
to 70% alcohol 

(d) Methods of Staining —^Tho slides are washed m water and mordanted for 
24 hours in a 4% solution of iron alum They are then washed in runmng water 
for half an hour and stained in well-ripened 0 6% haematoxylin for 48 to 72 hours 
This long treatment with the mordant and tlie stain enables one to control the 
differentiation which is carried out with a 4% solution of iron alum Correct 
differentiation is a rather tricky affair and eonsiderablo experience is necessary to 
got beautifully stained preparations The differentiated cells are washed for 30 
minutes in running water, exposed to ammonia vapour for a few seconds, taken 
through asiondmg grades of alcohol to xylol and mounted in Canada balsam Well- 
difforentiated sbdes do not require any counterstaimng 

Staining by the Feulgen technique is comi>aratively easier If the smears are 
hydrolysed after a short wash in 70% alcohol, the staining is not very satisfactory 
The best preparations are obtained from slides kept for 24 hours in 70% alcohol 
Tlie correct time of hydrolysis is found to be 7 minutes and the shdes are kept 
overnight in leuto-basic fuchsin Gurr’s basic fuchsin was employed throughout 
and the louco basic fuchsin freshly prepared for each batch of experiments is shaken 
with Norite and filtered before use 

The smears on removal from the fuclism-sulphurous acid reagent are washed m 
three changes of SOj water, and then countorstamed lightly with light green 
On comparison, light gteen is found to be more suitable than fast green After a 
wash in/distilled water, the shdes are quickly dehydrated and mounted m Canada 
balsam Even after the lapse of fifteen months the slides show no signs of fading 

The Principles on which the Technique op handling Yeasts for Cytolooioal 
Investigations were devised 

One of the stumbhng blocks for advances in our knowledge of the cytology of' 
yeasts was the non availability of an easdy reproducible technique for handlipg 
yeasts for cytological investigations Kater (1940) remarks about his own previous 
work (1927) ‘The value of the method rests upon the fact that in the presence of 
picric acid, the nucleus will stain before the cytoplasmic granules, but the required 
balance of dye and acid appears to be quite debcate so that duplication of results 
18 difiicult Although the clear cut cells on the shdes were very convmcmg to an 
actual observer, it can hardly legitipiately bo the basis for a general acceptance of 
the conclusion by all workers in the field until others manage to duphoate the 
results ’ 

Fixation and staining play only a minor rfile m the teohmque of handling 
yeasts for cytological investigations As pointed out by Subramaniam (1946) 
‘the demonstration of anaphase stages is the crucial test for any claim of mitosis 
in yeasts and the very fact that these could be demonstrated in material fixed and- 
stained in the ordinpy way shows that failure of the earher workers to obtain the 
mitotic stages was more due to the inherent difficulties in the handling of matenal 
for cytological investigations than m the lack of availabihty of a smtable techmque 
for demonstration ’ Thus the emphasis is shifted from the methods of fixation and 
staining to the handling of cultures m such a way that not only would it be possible 
to get at specified intervals larger percentages of cells at identical stages of divuion, 
but would also enable one to follow the course of cell division m an wderly manner 
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Since cells of no two yeast strains divide at identical intervals, any technique 
should bo based on principles applying which one should bo able to investigate the 
cytology of any strain Blind repetition of a technique without any grasp of the 
variable factors Tequinng control would, instead of clarifying issues, only enliance 
the confusion A clear logical presentation of the principles appears therefore 
necessary 

In 1801 Pasteur demonstrated that in well aerated media tlio yeast is aerobic, 
completely decomposes sugar into carbon dioxide and water, and resembles other 
plants in its respiration as well as multiplu ation Wlnle during fermentation 
100 gm of sugar is split up roughly into 51 parts of alcoliol and 49 parts of carbon 
dioxide, the same ijuantity of sugar is used up during aerobic growth to form about 
190 gm of yeast, sinto no alcohol is produced From a recent review (Nouberg, 
1946), it appears that the biochemistry of respiration in yeasts yet awaits elucidation 

Clark (1922) observed loganthmic growth for 15 hours and Richards (1928) 
unlimited growth, if the medium was changed once m throe hours The increase 
m the number and volume of cells was < onsiderahly more when the spent medium 
was replaced with an equal volume of fresh medium than when added to the spent 
medium 

While Clark (1922) found that the logarithmic phase ends at 16 hours, Richards 
(1932), m two separate studies, found it terminating at 30 and 36 hours after inocula¬ 
tion Such variations have been attributed to different concentrations of certain 
substances in the media which accelerate growth Though the ago of the cells used 
for seeding was found by Richards to have ‘no appreciable effect on the crop’, he 
found that the quantity used for seeding ‘determines the rate with which the events 
of the growth cycles are completed ’ An equilibrium m the number of cells persists 
for some hours after the logarithmic growth phase Thus, the variable factors like 
control of the quantity to be seeded and hence the time of termination of the logarith¬ 
mic phase,the composition of wort, the age of material used for seeding, and tern- 
perature are possible within limits 

It 18 true that even during the phase of equilibrium, a small percentage of colls 
would bo budding In such a population, however, fermenting cells would be few, 
smoe the amount of sugar m the medium at this stage appears to be negligible, and 
because it is presumed (Richards, 1932) that it is the glycogen stored in the cells 
which IS utihsml for the second fermentation 

Thus in the techmque employed, the cells would be in a phase of equilibrium at 
the end of 24 hours and replacement of the spent wort with fresh medium induces 
multiplication of all the resting cells which grow at almost the same rate It was 
possible, therefore, to study the mitotic stages in a regular sequence from a senes of 
preparations made at regular intervals without the necessity of trying to fit in the 
vanous stages in their proper sequence as m a jig-saw puzzle 


legioal 

irntoti 


1 The need for a clear distinction between (o) the handling of cultures of yeasts for oyto 
lal investigations and (6) the methods of fixation and staining employed to demonstrate the 


nitotie stages is emphasised 

5 A critical evaluation of some recent pubbcations is made and it 
state of our knowledge of the cytology of yeasts is not due to want 
identify the various cell organelles 

3 Cntena for the identification of nuclei and chromosomes are restated and the question 
of the specificity of the Feulgen reaction is reviewed 

4 Details are given of the preparation of wort and wort agar, the methods of seeding and 
smearing, and the methods of fixation and staining 

6 A rational explenation is offered of the prmoiples on which the technique of handling 
yeasts for cytologioal investigations were devised 

6 Tt is pointed out that if matonal is handled in the manner indicated, the mitotic stages 
oould be studM in a regular sequence without the necessity of trying to fit in the various stages 
In their proper sequence as in a jig saw puzzle. 
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Intbouuction 

It was realized early during our investigations on the tytology of yeasts 
(Subramaniam, 1946) that a clear distinction should be made between an aerobically 
growmg culture and a fermenting one That the iiliysiology ot an ai robu ally 
growing yeast cell should bo different fiom that of a fermenting one needs no 
reiteration (Ranganathan and Subramamam, 1947) On the above basis it was 
suggested that division of the nucleus during the aerobic phase alone is comparable 
to^e division of the nucleus in higher plants Further, it was emphasised that a 
knowledge of the nuclear behaviour during aerobic growth is an essential pre¬ 
requisite for any attempt at correlation of the behaviour of the nui leus under varying 
physiological conditions 

Logically, evaluation of results should be based on the right type of comparisons 
This necessitates a correct perspective, which is possible only if thei e is a clear appre¬ 
ciation of the variations in the cytologioal behaviour exhibited by different types 
of cells in response to their specialised role in the economy of an organism In 
higher animals, a clear distinction is made between the cytological behaviour of an 
embryomo cell from that of a glandular cell The behaviour of the nucleus in 
glandular colls is interpreted as changes from normal behaviour exhibited by 
embryomo cells m response to specialisation for particular functions, and no 
generalisation on nuclear behaviour in all typos of cells is attempted from studies 
on ^ndular cells alone Yet, this is what has happened in yeasts Generalisations 
on the behaviour of the nucleus in yeasts were bas^ on fermenting cells The fact 
that the yeast cell is umque and shows both oxidative and fermentative abilities 
was forgotten The difference between a growing cell and a fermenting one, as 
for 08 cytologioal investigations were ooncOTned, was ignored Students of the 
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histology of higher animals in particular would be awarom^^e marked difference 
in the cytological behaviour exhibited by glandular cells Taking their origin 
from what are called ‘replacement’ lolls, the secretory cells may die after a single 
secretory cycle as m ‘ Holocrine ’ cells or may repeat tlio process as in ‘ Moroenne ’ 
(oils before death supervenes (Bowen, 1U29) 

A fermenting yeast cell can legitimately be compared to an actively secreting 
glandular cell (Wager and Poniston, 1910) and until evidence 18 adduced to the 
contrary, there appears to be no reason why the cytological behaviour of a fermenting 
yeast cell should not be compared to that of a glandular cell When such a com 
parison is attempted, then some startling simdanties become evident (Subramamam, 
19476) 

iSinco the mitotic cycle has already been described for the brewery strain Sc 9 
(N C T C 3,007) (Subramamam, 1946), it was thought desirable to investigate the 
behaviour of the nucleus during fermentation 


Endopolyfloidy 

Though the earlier behef was, with a few exceptions, that the chromosome 
uiimbei was constant for all tissues of an organism, it has been condusively proved 
in insects that this is not so and that the nutloi of the adult tissues are polyploid in 
varying degrees The ii regular ly shaped masses of chromatm, which represent the 
(hromosomes in the resting stage, are in many cases sufhciontly distinct, and since 
niulei in different tissues show (liplonl, tetraploid and oitoploid numbers, it has 
been surmised that these nuclei are polyploid That such a duplication in the 
number of chromosomes takes plaie by a process of ondomitosis has been demon¬ 
strated in nurse cells of the ovary of Droaophtla by Painter and Reindorp (1939) 
The duplication of the (hiomosomos takes place at periodic intervals during the 
early growth of the tissue and the splitting of the (hromosomes is unaccompanied 
either by dissolution of the nuclear rnerabrano or by the formation of asters or a 
spindle In the nuise coils of the ovary of Drosophila it has been shown that there 
IS a progressive nudoination of the chromosomes durmg prophaso succeeded by a 
splitting of these bodies and followed by donudeinatioii until the characteristic 
original diffuse restmg stage is reached As a lesult of these changes the nuclear 
volume becomes doubled It has recently been shown that not all nuclei need show 
ondo-prophase, endo metaphase, endo-anaphase, and endo-telophase Witkus 
(1045) suggests that there are three methods by which a nucleus can become 
oiidopolyploid A double reduphcation as in Sptiiacta (Witkus, 1945), or repeated 
duplication as m the ileum of Cvlex (Grell, 1946a, 6) may take place during the 
resting stage According to her, only in the third tyjK) could typical endomitoais 
be observed 

Hetorochromatin and plasmosomos in resting nuclei also act as indices to the 
extent ot polyploidy in various tissues In Qerris lateralis the odd chromosome in 
the complement of 21 is the X, which is heteropycnotie in the somatic nuclei In 
the diploid cells only one such heteropycnotie X occurs in the restmg nucleus, and 
Geitlor (1937) using these prominent indicators along with nuclear volume estimated 
that some of the giant nuclei m the sahvary glands may even be 2048-ploid The 
same organ in different insects, and different tissues in the same insect, may show 
different endopolyploid constitution (Wlute, 1945) 

The remarkable advances in our knowledge of the cytogenetics of Drosophila 
dates from the rediscovery of the polytene chromosomes m the salivary gland cells 
(Heitz and Bauer, 1933, Painter, 1933) The sahvary gland chromosomes occur 
only m Diptera, though they are not Lmited to the s^ivary glands alone Their 
structure is conceived to be similar to that of uncoiled prophase chromosomes winch 
had repeatedly divided and m which there is no separation of the resulting strands 
The fact that only the haploid number ooours has led to the supposition that the 
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products of division of similar pairs of chromosomes constitute the giant polyteno 
salivaries The homologous threads actually fuse in some cases, while m others 
thej remam m dose apposition 

The endopolyploidy m Hiptora is of a special kmd, for unlike in other cases 
there is no increase in the number of chromosomes by jienodic sphttmg However, 
during the growth of the sahvary gland cells, the chromosomes become thickei and 
thicker 

Though increase m the sue of the nuclei when taken along with the number of 
heterochromatic segments and plasmosumos may give one a fair idea of the degree 
of polyploidy, more increase in sue by itself ofteis no such evidence Different 
organs m the rat show ddforent chromosomal and nuclear volumes It has been 
suggested (Biesele, 19446) that though theio apiiears to bo some correlation botweon 
nuclear and chromosomal volumes, yet, as the changes m the rat from tissue to tissue 
are gradual and not discontmuous, they cannot bo arranged iii a polymeiic series as 
conceived by Jacobj (1936) and others, siiico the nuclei of different volumes carry 
only the diploid number of plasmosomes, viz 0 in all the cases There appears 
to be a relation between the cliromosome volume and total concentration of B 
vitamins—with the exception of inositol—since the adult liver which contains the 
maximum concentration m comparison with other tissues also shows the highest 
cliromosome volume (Biesele, 19446) The relative increase in the chromosome 
volume from tho footal to the adult liver is closely paralleled by the increase in the 
concentration of vitamuis also, and it has been suggested that the former is 
responsible for tho lattei 

It should be pointed out that, while, oven doubhng m volume of the nuclei of 
tho liver cells of the rat from tho fcxtal to the adult stage is not followed by a 
doubling of tho plasmosome number (Biesele, 1944a, 6), in mice similar changes are 
accompanied by a doubhng of tho plasmosomes indicative of polyploidy (Biesele, 
Poyner and Painter, 1942) 

In the adult hver, the occasional metaphases seen may be in those cells which 
have retained their embryomo character, smee mitotic divisions are common in 
foetal livers Is the failure of the cells of the adult hver to divide mitotically tho 
result of their highly ondopolyploid constitution < Polytene cliromosome s become 
evident m cancer cells owing to the mherent impulse iii such cells for rapid division 
Since partial removal of the liver results m rapid growth (Brues and Marble, 1936) 
and smee such a phenomenon is reminiscent of the condition in mahgnant tumours, 
several investigators have been interested in the problem Thus, partial removal 
was expected to accelerate mitotic division and bring to light polytene cliromosomos 
in tho nuclei, if any While Beams and King (1M2) thought that there was an 
increase in the number of polyploid nuclei m such regenerating hvers as a result of 
fusion of mitotic figures in binucleate cells, Biesole (1944a) arrives at the conclusion 
that there is a very close agreement m the proportions of diploid, tetraploid and 
ootoploid metaphases between the control and regenerating livers 

As suggested before, if fermenting cells are compared to glandular cells, then 
amitosis appears merely to be a prelude to degeneiation There appears to be 
serious possibihties that even ui fermenting cultures some yeast cells may remain 
indifferent and divide by mitosis, while the rest of the actively fernentmg cells 
may not again be able to revert to active vegetative reproduction. 

Tbohniqvb 

Under tho circumstcuices the question arose whether fermenting cells become 
endopolyploid If so, it should bo possible to demonstrate the same by experiments 
planned on the lines of Brues and Marble (1936) and Biesele (1944a) Just as surgical 
removal accelerates mitotio division in the hver, replacement- of the spent wort 
with fresh medium in fermenting cultures produces the same effect. 
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Therefore, tubes of wort were inoculated with the strain So 9, and 

after the lapse of five days the spent medium was poured out and replaced with the 
same quantity of fresh medium The contents of the tubes were centrifuged and 
smeared at five-mmute intervals commencing from'40 minutes after the addition 
of fresh medium The descriptions arc based on Feulgen preparations The 
techmque of handling yeasts for cytological mvestigations has already been described 
elsewhere (Subramamam, 1948) 


Observations 

Forty-five minutes after the addition of fresh wort to the five-day old culture, 
a variety of cytological pictures could bo seen in Feulgen pieparations The vaiious 
pictures seen were first drawn and later arranged in a rational senes Fig 1 is 
that of a coll showmg no Feulgen positive structures and contams a vacuole This, 
however, does not appear to be the nuclear vacuole The nucleus could not bo 
made out Two chromosomes are seen in the cell illustrated m Fig 2 and what 
appears to bo the anaphase of the diiiloid m Fig 3 The absence of a vacuole in 
these cells is not surprising, since cells at identical stages in aerobic cultures do 
not have a vacuole at all A comparison of these stages with similar ones from 
actively dividing cultures shows that the shajK) and size of the chromosomes are 
slightly different The four chromosomes appear scattered in the cell in Fig 4, 
while in Fig" 6 a leconstituted nucleus and a pair ot chromosomes could be seen 
The bud and the mother cell each have two chromosomes in Fig 6 The pair in 
the bud appear in close ajiposition as a prelude probably to fusion What appears 
to bo the next stage is illustrated in Fig 7 where in the bud the chromosomes appear 
to have fused together whUo those in the mother tell still remain discrete The 
above stages which ocv-ur only in very small percentages appeal to be those ot the 
‘ roplacemont ’ colls It appears highly probable that it is the products of division of 
these cells which become eiidopolyploid 

Smee dying cells appear to be replaced from time to time, the same shde often 
shows an ascending senes of cndopolyploid constitution Fig 8 is that of a tetra- 
ploid as evidenced by the reconstituted nucleus and the four cliromosomes Eight 
chromosomes are seen in the budding cell in Fig 9, one ol whith is bigger than the 
rest Whether the increased si/o is a mere abnormality or whether it is a compound 
chromosome is very difficult to judge In Fig 10, however, the two largei bodies 
onglit to be compound ones if we conceive that duplication of chromosomes is by 
a regular fhvision of all the chromosomes Since only six chromosomes are seen in 
the cell, the two larger ones should each be the product of fusion of two chromosomes 
Micronuclei formation is fairly common and two reconstituted nuclei and four 
chromosomes, one pair biggei than the other, are seen ui Fig 11 Ten Feulgen 
j'ositive bodies of different sizes occur m the cell in Fig 12 and it appears as if the 
compound chromosomes are separating into their component parts What appear 
in all probabihty to be octoploid cells are fairly ooramon(Figs 13 and 14), if we concede 
that the odd numbers of Feulgen positive bodies seen are due to some of them being 
compound The anaphase stages of these ootoploid nuclei are not regular and while 
in Fig 16 a reconstituted nucleus could be seen, m Fig 16 there are seven chromo¬ 
somes apart frbm the reconstituted nucleus Apparently the chromosomes ere 
not segregated mto equal complements The celt in Fig 17 has a reconstituted 
nucleus and eight chromosomes, one of which is greater m size than the rest It 
appears likely that not all chromosomes, which are greater in size than the rest, 
need be compound ones Gells which are 16-ploid are common and the one shown 
in Fig 18 has about 19 chromosomes and a reconstituted nucleus 

In tetraploids there is usually an attempt'at segregation of the chromosomes 
into equal complements Fusion of four chromosomes may occur before (Fig 10) 
or after a bud begins to develop (Fig 21) and division is often normal (Fig. 20) 



M K aUBHAMANIAM STUDIES OM THE CYTOWGY OP YEASTS 


320 


The picture seen m Fig 22 is slightly baffling There is a reconstituted nucleus 
and twelve chromosomes m the mother cell and two chromosomes m the bud 
Apparently it must be an octoploid All the chromosomes in the mother cell may 
fuse to form one or moic nuclei (Fig 23) leaving only two chromosomes in tlic bud 
Is this a method by wlu< h a diploid cell can take its origin from an endopolyploid 
cell? Since there is ‘somatic pairing’ in the diploid, only an identical paif of 
chromosomes could have migrated to (lu bud There is as yet no method by which 
one could study the latc'r behaviour of thi sc buds with two t hromosomes 

Segregation of the ehromoaomcs into unequal complements during the anaphase 
18 quite general m highly endopolyploid (tils (Figs 24, 25, 20, 27, 28 and 29) 
Mioronuclei formation is fairly common in these cells (Figs 27, 29, 31) and 31) The 
larger complement ot (.hromosomes usually remains m Ihc mother cell (Figs 28 
and 29) and gives rise to one (Fig 28) oi two (Fig dO) large pycnotic mu lei and 
one or two micronucloi (Figs 29 and 30) The si/c of the comjilemeiit ot chromo¬ 
somes passing on to the bud may bo small (Fig 31) or fairly laige (Fig 32) But 
the staining reactions of thcsi cells (Figs 28, 29, 30, 31 and 32) give one the 
impression that they are dying 

Multmucleate cells are of fieqiient occurrenie (Figs 33, 34 and 36) and these 
have a single well defined va( uole (Figs 33, 34, 35, 46 and 40) The nuclei are of 
different sizes and should be the result of fusion of groups of chromosomes 
Amitotic stages are fairly common The nuclei stain brilliantly with the Feulgcn 
atam and may or may not show (Figs 37, 38, 30, 40, 41 and 42) any cliroraatm 
grams inside Tlie products of nmitofie division may be equal (Figs 37, 41 and 42) 
or unequal (Figs 30 and 39) The resulting nuclei may bud smaller nuclei (Fig 38) 
and these usually separate and appear to move away (Fig 39) Figs 40, 43 and 44 
give one the impression that the mu lens may break nj) into a number of pieces, 
one of which appears to migrate to the bud (Fig 44) 'This may even show deeply 
stained bodies (Fig 44) 

It IS likely that the above are highly endopolyiiloid cells whose nuclei are unable 
to resolve themselves into their component chromosomes in spite of the vtry 
favourable environmental (onditions The stimulus nffoided bv tlu nutriment 
and the availability of dissolved oxygen leads to abortive attempts at division as 
evidenced by the phenomena of aniitnsis obsei ved 

In the final stages pyenotic nuclei may be observed to jicrsiat in the mother 
cells (Figs 45, 40 and 47) as well as m the buds (Fig 47) 


Discussion 

(a) Thf 'Nuclear Vacuole’ of Wager and Pentekm and tie ngmfiranre 

From the observations presented above it would be evident that with the 
progress of fermentation, the nucleus of the yeast cell becomes highly endopolyploid 
In view of the fact that some types of secretory cells show one Oi more vaeiioles, a 
consideration of the significance of the ‘niulear vacuole’ of Wagei and Pemston 
(1910) 18 rendered necessary Guilhcrmond even in 1910 definitely disputed the 
identification on the basis that as the vai uole and its contents stain with neutral 
red, it can only be the socretia-y vacuole, smec the nucleus m healthy cells never 
stains with vital dyes Wager and Poniston (1910) suggest a tomparison of 
fennentmg yeast cells with glandular cells in ai tive secretion A comparison of the 
cytological behaviour of the fermenting yeast cell with that of the glandular cell 
offers no support for such an identification 

The following cycle df changes were described by Wager and Peniston, basing 
their observations on the reactions for organic phosphorus exhibited by the yeast 
cell during different stages of fermentation In the early stages, when the ‘ nuclear 
vacuole’ was small, the cytoplasm, the‘nucleolus’ and the granules at its periphery 
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show a reaction for phosphorus With the progress of limpntation, there is an 
increase in the size of the vacuole At the same time the cytoplasm loses its reaction, 
while, apart from the ‘nucleolus’ and the granules at its periphery, it becomes 
evident in the vacuolo and the volntm granules also According to them, formation 
of orgamc phosphorus becomes evident some 14 hours after commencement of 
fermentation, reaches a jioak at about 48 hours and is followed by a gradual fall 
The changes m the volume of the ‘nuclear vacuole’ appears to follow a course 
similar to that of orgamc phosphorus The vacuolo, whnh is small at the com¬ 
mencement of fermentation, increases in size and with the loss by the cytoplasm of 
its staining afiinity shows a network of granules It fills almost the entue cell at 
the height of fermentation and decreasing slowly in sue, occupies but a small space 
in the cell when these are slowly settling at the end of fermentation 

Now, this synchronisation of the changes in the volume of the vacuole, the 
increase in the organic phosphorus and tho stages of fermentation are all reminiscent 
of the usual role played by ribonucleic acid m active secretory synthesis It is 
true that in many gland colls the nuclei may become endopolyploid But the increase 
in volume m such cases has been shown to be rhythmic and discontinuous and never 
gradual, and a highly endopolyploid nucleus usually never reverts back to its original 
condition at the end of the secretory cycle Hence, even the possibility that tho 
increase in size of the ‘nuclear vacuolo’ may be due to endopolyploidy cannot be 
substantiated on the basis of evidence available in published literature 

Tho ‘nuclear vacuoles’ described by Wager and Poniston (1910) and Janssens 
and Leblanc (1898) do not appear to be homologous On tho basis of the recent 
careful investigations of iSubramamam (1940) it appears that the description of a 
nuclear vacuole with a nucleolus by Janssens (1992) is likely to refer to a prophase 
stage, when the chromatin mass inside the nucleus is capable of being confused 
with a nucleolus (sec pictographic summary, Subramamam, 1940) 

(6) FermnUng CeUs and Ohndidar Cells 

Fermenting cultures contam very small percentages of cells showing regular 
mitotic phases, similar in essentials to those seen during the aerobic division, the 
significance of which has been lost sight of by previous investigators Richards’ 
work (1932), though bearing on an entirely different problem, offers indiroot evidence 
for tho suggestion that as m glands, in fermentmg cultures also there may be 
‘replacement’ or embryonic cells which continue to divide normally, and that 
fermentmg cells like other gland cells never regam their power of normal vegetative 
division, but that death and dismtegration occur sooner or later He found that 
at the end of the logarithmic growth phase there was an mcroase in the percentage 
of dead cells as indicated by methylene blue staming His suggestion (1928) that the 
concentration of alcohol may be the inhibiting factor does not appear very con- 
vmcing, for ho found no such correlation during the second cycle of growth He 
says ‘During the period of increased rate of growth, the production of alcohol also 
increases As there is no measurable amount of sugar m the medium this second 
period of increased fermentation probably comes &om glycogen stored within the 
cells The greater amount of alcohol must increase the rate of kilhng of cells, 
although there is no such direct correlation between the two factors as was found for 
the first cycle of growth ’ Judged on the basis of the cytology of glandular cells, 
increased production of alcohol means increased number of cells fermenting and 
hence the occurrence of mcroased percentages of killed cells 

Proceeiiing on the above hnes it is difficult to conceive that dying cells are 
merely the larger buds which had not become resistant to the injurious effects of tho 
alcohol and other by-products of fermentation 

It was observed that when fresh wort was added to a five-day-old culture, the 
stimulus afforded by the nutriment and the availabihty of dissolved oxygen leads to 
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abortire attempts at division even by the highly endopolyploid cells In fact, in 
many oases the bud formation is completed, only the buds do not get detached 
from the mother Having an abnormal oomjilement of chromosomes, it was also 
observed that both the prodimts of division show pycnosis and hence eventual 
death It should be realised that even in fermenting cultures the nutriment available 
fluctuates from time to time Every batch of fermenting cells, when they die and 
disintegrate, should temporarily iiuiease the available nutriment in the medium 
thus affording stimulus to the' endo}K)ljploid cells to bud But since there is no 
increase in the availability of dissolved ovygen, the budding is not of normal 
embryonic diploid cells It is pirhnjis owing to this reason that one observes an 
increased percentage of laiger buds dying in later stages of fermc ntation 

That even old cultures contain actively dividing cells, comparable to embryonic 
colls of glandular tissues, wimld be evidcmt from Slator’s (1910) observation that 
unoontarainated wort c ultures show active cells even after several years Pioceeding 
further, it would be admittial that in vii w of the above consideration, the ‘durable’ 
cells occurring after the lajisc of 900 to 1,000 hours are not transformed fermenting 
cells but should have an entirely different origin That they may take their origin 
from the few actively dividing ei 11s oiiurring during this period appears hkoly 
Richards states ‘Budding lontimics throughout the period, becoming materially 
dimmished only after most of the cells have changed into the resistant form The 
numbers and percentages of budding and of stained cells fluctuate in irregular 
cycles of small magnitude, but there is no general cycle other than the gradual 
change of the population into resting colls with a resulting decreased birth .and 
death rate ’ (Page 289 ) 

At first Kiglit it may ajipear that yeast is unique in that it becomes endopoly¬ 
ploid during fermentation Yet, this does not appear to be so In Ciliatos, while 
the micronucleus is considered to be generative, the macronucleus has been supposed 
to subserve a purely physiological function In the same cell, therefore, different 
functions are controlled by different nuclei Though the structure and behaviour 
of the macronuch us has attracted «onsiderablo attention, protozoologists do not 
seem to have cared to consider whether it is endopolyploid From an analysis of 
the observations on the behaviour of the macronucleus recorded by other workers, 
Subramaniam (1947c) has suggested that it is m all probabihty endopolyploid and 
has offered a rational explanation as to why there is a need for endomixis Endopoly- 
ploidy in the yeast, therefore, docs not appear to bo an exception to the general ride 
among umcellular organisms 

The usual fate of endopolyploid cells being death and dismtogration after varying 
periods of activity, and since in the final stages of fermentation, excepting for a 
negligible percentage, most of the cells should be endopolyploid, the necessity for 
the rejuvenation of cultures after each fermentation would at once become apparent 
This may explain why continuous fermentation without rejuvenation is almost a 
virtual impossibility 

Summary 


I The 


physiology of an aerobically growing cell should bo different from that of 
one and honco a comparison of the oytological behaviour of fermenting cells with 


a fermenting__ - -. 

that of glandular colls is attempted 

2 Since secretory cells usually become endopolyploid, 
on endopolyploidy is presented 

3 Just as surgical removal of a port accelerates mitotic division m the liver, replacement 
of spent wort with fresh medium m fermontmg cultures produces the same effect 

4 Various oytological pictures are seen m prcj»rationa of five day old cultures in which 
the spent medium was replaced with fresh wort There arc rare clusters of cells showing the 
typical stages seen in the rferobic phase The majority show varying degrees of endopolyploidy 
"The segregation of chromosomes durmg anaphase is mostly irregular, and liighly polyploid 
cells show amitosis like phenomena 

" A oareftil analy^ of Wager and Penlston’s observations, in the light of recent advances, 
IS that their ‘nuclear vacuole ’ is nothing but a secretory vacuole, 


i brief review of the literature 
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6 It in suggested that cu in glands, in fermenting cultures alsOMUjttp may be ‘replacement * 
or embryonic cells which continue to divide normally and that IblfiHentmg cells, like other 
glandular cells, never regain their power of normal vegetative division but that death and 
dismtegration occur sooner or later 

7 Endopolyploidy in the yonat does not appear to be an exception to the ^neral rule 
among umoellular organisms since the macronucleus of Ciliates appears to be cndopolyploid 

8 The usual fate of endopolyploid cells being death and disintegration, may explain why 
continuous fermentation without rejuvenation is almost a virtual impossibihty 
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Desckiption of Illustrations 

I IQ 1 Cell showing a vacuole but no Feulgen positive structures 
Kio 2 Metaphase of Diploid 

Via 3 Anaphase of Diploid 

FlO 4 Late Anaphase 

Fio 6 Cell showing a reconstituted nucleus and two (hroinOHOmos 

Fio 6 Budding cell shomng a pair of cliroinosoinos in the modior and bud 

Fia 7 Reconstituted nuiloiis m the bud and a pair of chromosomes m the mother cell 

Fio 8 Tetraploid coll showing a reconstituted nucleus and four free cliromososics 

Fig 9 Budding cell showmg eight Foiilgon positive bodios 

Fig 10 CoU showing six Feulgen positive bodies, two of whiuli are gi eater in sizi 
Fig 11 A cell having two roconstitutod nui lei, a pair of big and a pair ol small teulgen 
positive bodies 

Flo 12 Feulgen positive bodies of differing sizes which seem to bo breaking up into their 
component parts 

Figs 13 and 14 Cells showing 11 and 14 Foulgon positive bodios, some of whn h ought to bo 
compound c liroinosomns 

1108 18, 16, 17, 18 and ll A reconstituted nucleus and differing numbers of c hroinosomea 
of vorymg sizes lying free in tlio < ytoplasin 
Fioa 20 and 21 Noriual division of a tetraploid 

Figs 22, 23, 24, 25, 26, 27 and 28 Inogtilor segregation of cliromosoinos m cells of varying 
endopolyploid constitutions 
Figs 29 and 3U Formation of mn roniii loi 

Figs 31 and 32 Irregular segregation of chromosomes in highly endopolyploid colls 
Figs 33, 34 and 15 Multinuclear cells 

Figs 36, 37, 38, 39, 40, 41 and 42 Varying types of amitotic division 
Fig 43 Breaking up of highly endopolyploid iiiu li i into siiuiU r ones 
Fig 14 Irregular distribution of iiui loi between the mother and bud 
Figs 46, 46 and 47 Pycnotic nuclei persisting m culls with vacuoles 







ON Ng(r) IN THE TARRY-ESCOTT PROBLEM 

By Hanseaj Qtjfta, Oovemment College, Ho^hmrpur 

(Communioatf d by Dr D S Kothari, F N I) 

{Received May li, read Avguit 8, 1948 ) 

Tho generalised ^ Tarry-Escott problem of degree r* and order q is that of 
flndmg q different sets Ai, A^, A*, , A, of i integers each—different in tho 

sense that the members of one sot are not merely permutations of those of another 
set—such that 

(1) o,(4i)=<7,M*)=a*(-ls)= =<rJA^). fc = l,2, 3, . r, 

whore denotes tho sum of the 4rth powers of tho members of A^ 

Tho least value of ?, for which sets A satisfying (1) exist, is denoted by If^(r) 
The object of this note is to show that 

( 2 ) N,(r )<!^^+1 

Write 8 for +1 

Consider all the different sets of s non-Aero positive integers 

(3) o* 1, a„ 2, <f„ 3, , a„ , 

whose sum is n The number of such sots is not loss than * 



because tho sets provide all the partitions of n into exactly s non-zero 

summands 

Smee 

*>=■ 

we have 

o*(dJ<n*, ^>2 

Hence, there are at most 

/I n* = n*+»+*+ +•• = n'-* 

*-z 

different Bequenoes 

(4) Oi(^mh J, , VriAJ 

For a sufficientlydarge »>«o> 

7 , 
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Hence, there are at least q 


which yield the same sequence (4) and the result follows readily 
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SOME NON-RAMANUJAN CONGRUENCE PROPERTIES OP THE 
PARTITION FUNCTION 


By !> B Lahiri, Imlmn Statistical Institute, Calcutta 
(Communicated by Mr S N Roy, M Sc , F NI) 


(Received December 18, 1947, read January 1, 1948 ) 


Whde speaking about the anthmetnal properties of the partition function, 
Hardy (1940) m his stimulating loctuies on Ramanujan states 

‘Ramanujan was the first, and up to now the only, mathematician to 
discover any such properties , 

It would be lughly interesting therefore for any one to come across any new 
properties I have found throe new ones, namely, 

p(49m+ifc) • 0, (mod 49), k =* 19, 33, 40 


The ease k = 4n wes discovered by Ramanujan 

What IS remarkable about these three new congruences is that thou possible 
existence not to speak about their ai tual estabUshmeiit, eluded us for such a long 
time, even though their genesis is to bo found in one of the remarkable identities of 
Ramanujan This identity is 


2 p(7ift+6)x« 


7 


{/W}* 


{/(*)}* 


where 

Now, 


/(ai) = n(l-it-) 




{/(•*)}" 






^mod 7), 


by making use of Jacobi’s formula and the simple fact 


1 1 


(mod 7) 


It follows theiefore from Ramanujan’s identity that 


voii. Xtv—No, 8. 
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Now, it 18 not difficult to see that poweis of the form » »■ 2, 4, 5 do not 

occur in 

This implies that powers of the same forms do not occur in the product 


This m turn finally leads us to the fact that the coefficients of powers of the same 
forms in 

2 p(7m-»-6)a;» 

are divisible by 49 Thus 

p(^Qm+lc) m 0, (mod 49), * = 19. 33, 40 

Ramanujan’s congruence, p(49to-(- 47) • 0, (mod 49), is also an immediate con¬ 
sequence of the fact that although powers of the form do occur m 

2 (-l)*(2n+l)ai*"'"+**, 

yet in every case the coefficient is a multiple of 7 

An examination of a table of partitions shows that such congruences of non- 
Ramanujan type do not exist in respect of the moduli 26 and 121 


Rbfrbenob 

Hardy, O H (1940) Ramanujan, lecturea on tubjteU $uggt$ted by hxa life and toorh, 

Cambnd^ University Press, p 87 





THE ANALOGUE OF BLASIUS’ FORMULA IN SUBSONIC 
COMPRESSIBLE FLOW 

By V R Thibuvbnkataohar {N I S Jnnwr Reseuich Fellow), DepaHrmrU of 
Matheimtice, Central College, Bangalore 

(Communicated by D. D S Kothari.) 


(Received April i, read Apt il 20, 1948 ) 


1 Introduction The object of tins note is to derive a formula lor the force 
ui subsonic compiessible flow, which is th( .analogue of the vell-knowii Blasius 
formulae in the incompressible case Tlic derivation is cairied out on the basis of 
the hodograph method as recently developed by C C Lin ^ It is also shown that 
the familiar Prandtl Qlauert rule * is derivable from the formula 

2 The equations of the hodograph method In the hodograph method, the (p, p) 
relation is approximated by 



If c IB the local velocity of sound, 

r» . dpidp = Blp^ = coV/p‘. ( 2 ) 

where co, po **1® values of c, p at the stagnation point of the flow The Bei • 
noulli equation then gives 

<*-CoO-3» (3) 

c/Co “ Polp = V l+3*/''o* 

Mince an additive constant m p is immateiial, wc thoow A = ro^/ioi giving 


p^ 




-‘•o*Po{\/l + 9 W -1 } 


(5) 


When cq -> 00, we see fiom (3) and (4) that 

c-»-oo,c/co-»'l.p/po->l. 

i e pm pq, HO that the fluid is mcompiessiblc Also (fl) gives in this limiting ease 
p = -ipoq* 


which 18 the usual equation for the pressuio m the uicompressibli flow Accoidmg 
to Lm, the compressible flow around a closed piofilo is constructed as follows 
Given the mcompressible flow past a profile Pq m the C-plane described by the 

complex potential F(0 and the complex velocity Wo({) = — the compressible 
flow past a profile P m the «-plane is lepreaentod paramotricaU> by the sot of 
equations ‘ • 

Complex potential « IF => => P(C) 




dP(() 

d{ 


(7) 
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B THIBUVENKATACI 


THB ABAIXJQLB Ot BLASIUS lORMULA 


1 + Vl +9*/Co* 

Hore ge“** is the complex velocity m the compressible flow and fc{{) is to be chosen 
so that it IS regular in the logion Rq outside P^, has no root in /fj and is such that 


the integration bemg round any contour enclosing Pq 

3 The analogue of Blamua’ formulae The force and the moment m two- 
dimensional flow arc given by * 

f=-X-iY==ijpe-^-'0dz ( 12 ) 

M «■ real part of j>pt~^^zdz** He ^ pe~^'^zdz (13) 

fcjuice W IS the complex potential in the compiessible flow, 

tiubstitutmg in (8) we get 

whence 

VT+^«-l- 2 (fcg-lj (isl¬ 

and 

(16) 

From (6) and (16) wo have 

p--2c„Vo(*^-lj (17) 

Usmg (14) and (17) m (12) we get 


M^Re^-ipof'^zdij, 
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The equations (18) and (19) are the analogues m compressible flow of the Blasius 
formula foi the incompressible case On account of the condition (11) we may 
also write 

or 

y = -2 foepo f A({)d( (20) 


4 Appltcalton to airfoil %v uniform stream PrintUl Olauert formula 
simple air wing m a uniform stit am w take * 


whore 

Assume 


Then 


»'o(C) = ^+^^"{1! + 

^ = B = ri2iti 

* A»+(2AB-AiA‘)fC+0((-^) 


The condition (11) gives 

4eo*(*-n-»fc«)- -[(»rC/)/v}e *«+(*u+ 


loi a 

( 21 ) 


( 22 ) 


Sepaiating leal and unaguiary parts and solvmg for fcn wo find 


so that 

Then by (20) 


ru sin a 
“ ir(t/»+4co*) 

rc/oo8« 




7 


t/*+4co® 


Hence the lift force L is given by 

L^\J\ 


4cfyorU 

C/2+4co* 


Prom (8) we have for 111 


00 

2q 

l+Vl+9«/co“ 


U 


(2J) 

(24) 

(26) 


or^from (3) 


l(co+fa,) ” f^/ 2 co 


(26) 
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IfM = q jc^ 18 the free-stream Mach numbei of the compressible flow and if we 
set 3f — sm j3, then from (3) Cq c„ cos The equatioi^gg) then gives 


2cf) "* 1 +ci>8 /3 " 2 ’ 

whence 

4ro*/(f^*+4co*) - cos* {PI2) 

Substituting in (26) we find 

L = pori; los* ()3/i) 

= PoCof’»»' P [using 27] 

= I' [by (4)] 


(27) 


L^p^Fq^. (28) 

Also from (6) we have • 

which shows that the ciiculation in the physical plane of the compressible flow is 
the same as that m the hoJograph piano, i e F Thus writing K = r/ for the 
velocity at infinity in the tompi essible flow, we obtain 

L-^p^FV, (29) 

whoi 0 /’ IS the circulation in the compressible flon 

But it IS known 6 that the circulation in the compressible flow is connected 
with the corresponding value in the incompressible case by the relation 


Hence 


r» ro/V(l-M*) 


L 


-P-r(VL 


V(l-M*) 


(30) 


which 18 the Prandtl-Glauert formula 

I am grateful to Prof B 8 Madhava Bao foi the interest ho has taken m this 
work and for helpful remarks My thanks are also due to the National Institute 
of Sciences of India for the award of a Research Fellowship under which this work 
wew earned out 
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the; temperature dependence of paramagnetic 

SUSCEPTIBILITY OF A RELATIVISTIC ELECTRON GAS 
Bit K S SiNGWi,♦ Mh% Unwermiy, Delhi 
(Comiiuinicutod by Di D S Kotluii i, F N I ) 

(Hfcenvfl >1. \fa,cli S, BUS ) 


AnSTBACT 

The cxpreBBioiiR for the temperature dopendenco of the poramognotie HugceptibiUty of a 
relativlatic eleetron gaa are denved both for degenorooy and for non degeneracy The non 
relatlvietic exproetdona, for both caaen, are alao given for the aake of completeneaB 

§l iHTBODUOnON 

Tho paramagiiotio susceptibility of a degenerate electron gas was first deduced 
by Paub (I9i7) from energy considerations, using Fermi Dirac statistics For low 
tempeiatures he obtamed the result which may be put m the form 

X = (1) 

whire n is tho ehetron t oncentration, fo maximum electron euergj m the 
completely dogeneratt state, and B the Bohr magneton Bloch (1920) gate, as ,i 
higher approximation at low temperatures, the foUowmg expression 

The problem of tho temperature variation of free electron susceptibility, both at 
low and at high temperatures, has been re examined by Stoner (IGS'i) All these 
authors have considered a non relativistic electron gas 

Reeently the present author (1W8), using the thcorj of perturbation, has 
given an expression for the paramagnetic susceptibility of a degenerate ehetron 
gas The residt is 

X = 2^ i^+V f +»^*) . (3) 

where the non-dimensional parameter !C is given by 



n being the electron concentration and tho other symbols have their usual meaning 
In the non relativistic case, le (3) reduces to the Pauli expression (1), 

whereas in the relativistic case, i e 1, (3) reduces to 
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In the completely degenerate case the maximum energy fo of ft® electron is 
related to x by 

fo>=»»c*{(l+*»)*-l}, ^ (6) 

which reduces to 



in the non relativistic ease , and to 

in the relativistic case 

So far we have not considered, m the relativistic case, the effect of temperature 
on the paramagnetic susceptibihty The aim of the present paper is to derive 
expressions for the temporaturo variation, both at high and at low temperatures, of 
the paramagnetic susceptibility of a relativistic electron gas The high tempera 
tures and densities necessary for the application of the relativistic formulae do not 
exist m the terrestrial laboratories However, the formulae may find some apphea- 
tions in astrophysics Moreover, for the sake of completeness it is worth while to 
derive them 


§2 Paeamagnetto snsoEPTiBiunr at low tkmpkeatttbes 

The paramagnetic susceptibility of a relativistio electron gas, as given by 
equation (28) of our previous paper (1948), when account is taken of temperature, 
becomes 

4iT<y 

^ “ 4 ( 2 „)» 




where k^li is the momentum of the election, « its kinetic energy, g its statistical 
weight, and ( is Gibb’s free energy per particle Since 


(9) reduces to 


where 


A-„*R*c* = .*+2«wc«, 

(«+2«wtc*)~* . 


r (li 

^ 4c»(2,r)»J^^ 

„ ll f" £ A/ 1 
4c»(2w)«J^ l+e'-f/"’ 

</>{*) “ log [(*+>nc*) +{(« +»»«*)*- wc*}*] 


( 10 ) 


An asymptotic series expansion of the integral in (10), where ^(«) is suffi¬ 
ciently regular and vamshes for « ■= 0, was first given by Sommerfeld for the case 

1, 10 the degenerate case, subject to an error of the order of e In 

the present case ^(0) =a log inc* Applying Sommerfeld lemma we have 


where c*, « (1 —2i-s*){(2»), and {(2«) being the Riemann-Zeta function. 
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(10) now becomes 

r,.- (f+»vc*)+V'{f+mc*)*-(wc*)* 

^ 4^(2*)»L'^ - 

-2c*(t7’)«(e+/nc*)(f*+2^wc*)5j , (11) 

where we retain terms up to (kT)* 

We shall now consider two different cases 
Case 1 Non-relatmstic degenerate, i e 

^/wic* << 1, 
and 




Since a; I, we have 


kT^ 

To the order of approximation we desire (U) Incomes 

The scries expansion of ^ m terms of x, as given by Kotlian and Singh (1942), is 
/ikTYil d-2j*){(H-i:V-l} 
r*(l +ar*)l 

+torms containing powers of | (13) 

where {q is given by (7) 

Substituting (14) in (12) and retaining terms up to we have 

Case 2 Relativistic degenerate, i e 

mc*l( I, 

and 

(olfcT>l 

To the order of approximation we desire (11) now becomes 




Smoe 1, (13) becomes 


where fo is given by (8), 




(17) 
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Substituting for f m (16) from (17) and retaimng terms up have 

whioh for low temperatuies reduces to (5) 

§3 PARAMAGNETie STTSCrPTIBnaTV AT HIGH TEMPERATURES 

The flassicHl ease is (haini tirised 1>> I We shall (listmfi;uish here two 

fo 

diffeiont eases 

Cas(‘ 1 Non-ielntivistie non degenerate, i e 
*/»)e* ^ 1, 


The general expression (9) becomes 


(2w)«\2mr7 ® 

|2tr)® y 2^ H* / 


Kothan and Smgh (1942) have, for the non degenerate case, given the follow¬ 
ing expression for ( 

( = kT [log ^o+“*2do+t©rm8 contaiiimg higher powers of do], (20) 

where, for the non-relativistic case. 


and, for the relativistic case. 


<„ „ ^ /(o\i t _ 

" 3v^H’ —r 

ie, 


6e ■■ -j for non-relativistic cose, 


for relativistic 
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From (20) we have, for the case under consideration, 


Prom (19) and (21), and reteimnf; teima contaunng (i-T)* we have 

V «=-li i _L_ k . i h-I 

^ Inch i (2mr*)* y t Vi [kT) | 

Substituting for fo fioin (7) w( huv< 


fiihT , 


e 2 Relativistic non-degi'iieiatc, i e 


The general expression (9) now becomes 


_il ilL 


1 

<U 

4cfi (iw)* 

Jo 

(« 4->nf«) 1 4.p*-f/»r ’ 

e* -ing 
4cft (27r)* 

1. 

(-1)"+' 

j 

c* 4fl-g 




* 4r» (2,7)8 

z 


e* inrg 
~ Aci (2w)8 

1 

(_!)-+! 



xj-y-log -p= n+n 


;«c2 , »*c* 

~ ~ kT 2)2 \jctJ ' 


where y is Euler’s constant = 60 
For the case under consideration 


where (o »» given by (8) 

From (23) and (24) we obtain 




+term8 of the order 


fe’)' 


and higher have been neglected 


‘] 


( 24 ) 





348 K S SINGWI THE TEMPERATURE DEPENDENCE OF PAHAMAONETIO, BTC 


My thanks are due to Prof D S Kothan for hia very land interest in this 
work 
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DlAMAGNETlKiM OF A RELATIVISTIC ELECTRON GAS 


By K S SiNOWi,* Dupurlment <>j Pkystrji, Delhi University 
(Communiuiti cl by Di D S Kotlirtn, F N I ) 

(Received Februiity 24, leiut March 5, 1948 ) 

Abstbact 

The d uun agnetiu uiiHcuptibibty of a rolutivistii di,gonor»t<' eloctreu gaa is deduced from 
energy coiuiderations The reaults ot the pieseut atmightforcvttrd method agree with those 
deduced m a recent paper by the ivuthoi from the p< rtui btition theory m quantum mechames 


iNTBOBl'OnoN 

Bohi (1911) Itas Hhowii tliat in classu,nl me i lianic>> a ftoi election gas will have 
no diamagnetic susceptibility J^iudau (193b) gave the important result that in 
quantum mechanics a diamagnetic contiibution to the susceptibility should arise 
because of the discreteness of the energy stales m a magnetic held Landau’s 
treatment of the diamagnetic susceptibility is liased on enc tgy considerations and 
holds for a non lelativistu electron gas In an oarhii pajici (1947) the present 
author has given a relativistic geneialisution of Klein s (1946) quantum mechanical 
theoiy of a free electron gas in a magnetic held , and using the theory of perturba 
tion expressions foi para- and diamagnetic susceptibilities weie deiivod The 
present papei attempts to dciivo the diamagnetic susceptibility of a iclativistic 
electron gas from purely energy considerations, as h<is be en done previously, in the 
non-relativistic case, by Laudau It is indeed vuiy satisfactory that tlio perturba¬ 
tion method of the earlier papei (1948) and the one given here give the same 
results 

2 Derivation oj charactenstic values 

It IB uimecessary to derive the chaiactoristic onoigy values foi a tree electron, 
in the non-relativistic case, in a magnetic held, as this has been done at length by 
several authors We shall proceed to derive the characteristic values of the energy 
in the relativistic case 

The Dirac equation, as modihed foi the presence of a magnetiu field, takes the 
form 

A’0 = [(« (1) 

where « and jS are the well-known Duac matrices, p the momentum ui energy umts, 
A the vector potential of the field, E the total energy of the electron and p ■> me* 
its rest energy 

A field H along the z axis may be derived From a vector potential of 
components 

A, « -iHy. A, = A. = 0 (2) 
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Tlie equation then becomes 

[(a pH-/S/*)+el/oc,(/|^/i 

Writing (3) in full we have 

(/i-A’)^j+(p,-»p^+effy)0g-p,^4 = 0 
— in +E)>fii +{p, +tpj +elly)i/i2 +P,>f'i = 0 

-(p+£)^4+(p,-tp,+eflj/)^i-p,0g = 0 

where p^, p, and p, are the momentum operators, 

Let the solutions be 

J = 1, 2, 3,4 

Pa and p, m (5) and in what follows aie ordinary niimbeis 
From (4) and (5) we have 

(p-2s!)«i+cp,«9+D,M4 « 0, 
{p-E)Ut-cp,Ui+DiUi o 0, 
cp.Ui-(n+E)ut+DiUi s= 0, 
—cp,U2—(fx+E)ut+DiUi =t 0, 

where Di and Dt are 

A»(-cp.+raA+ei/y^, 

A =■ ^-cpa-rft ~+eHy^ 

Multiplying 6(6) by cp. and 6(a) by (p-E) and addnig tlie two we have 
— { C*p,* + (p* — ^) } Mg +Z>J { cp.M, + (p — A’)mi } =0, 
which on usmg 6(o) becomes 

{(cp.)»+{p*-£*)+AA}«« « 0 

Prom (7) D^Di is 

AA (c*P»*+e®if®y®—2cJ5feyp,)—e^fcR—c*ft® ~ 

(8) now becomes 

^ ^ {(cp.)*+(p*--B*)-eHcA+c* y-p.J j«4 =■ 0 

It can easily be shown that Mg satisfies the equation 

W “^ I(«P.)*+(p*-iP*)+«ffc»+c *^ y-p,y« 0 


(3) 


(4) 


(8) 


(ба) 

( бб ) 
(6c) 
(6d) 

(7a) 

(76) 


( 0 ) 


( 10 ) 
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u% and Ui, respectively, satisfy the same equations as do U 4 and Ug There are 
thus only two independent solutions of ( 6 ) Eqns (0) and (10) differ only m the 
sign of the tonn eHch, winch coi responds to the eneigy of the spin oncntation in 
the magnetic field Since wo are mterested only m the proper values of the energy 
of the translational motion, we drop the spm energy term in (0) and (10) The two 
equations then leduoe to one smgle equation 

p - ir* (~ y-p^J\^ “ 0 (11) 

This corresponds to the equation for a harmonie oscillator with equilibrium 
position at 



Puttmg 

eH 

— y-p» = (13) 

where 

( 11 ) becomes 

or 

|^+(A_,8)« = o. (U) 

where 

(15) 

The eigenvalues are given by A = (2«+l). wlicre n i-* an integei. 

Therefore 

Jg* » (cW +M®) +1 )<>Hcn { 10) 

In the iion-relativistic case (16) becomes 


E 


2fn 


+p+(2«+l)j 


(17) 


We shall require the numbei of emrgy states for a given value of the quantum 
number n and for a range dp. If A, B, and O be the Imear dimensions of the 
contamer, then v (n), the number of states per unit range, is 

K(n)dp,-^'dp, j* dp,, 

usmg ( 12 ), 

( 18 ) 


.%ACdp. jy,. 


V being the volume. 
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It 18 very important that y must be less than B, in order to avoid the distor¬ 
tion of the oharaotenstio values by the boundary Out of^l^the electrons withm 

the vessel a fraction of the order of ^ have boundary orbits which classically 

hit the wall If is sufiBcieutly large, an overwhelmmg majority of the common 
stationary states will not have thoir characteristic values appreciably changed by 
the influence of the boundary The error involved then, as shown by Laudau, 
becomes negligible 
In relativistic mechanics 

jfc*—p* 

where « is the kinetic energy, 

(16) then becomes 

« - {(c*p.*-|-,**)+(2n-H)elfc»}*-p (19) 


3 DvamagTutK ausceptibtltty 

In this section we shall calculate the diamagnetic susceptibility of a degenerate 
electron gas The non relativistic case has alieady been treated in detail by 
Stoner (1936) 

The magnetic moment is given by the general formula 

—(SL. 

wheie Jf lb the free energj With Fermi Dirac statistics 
i’-A'f+D, 

a ^ -kT^log{l +((-t,)lkT) 

where ( is the lioe cncigy per pat tide 
Substituting (19) in (22) and usmg (18) we have 

2 f log(l-l-e^-‘*t-«"+t)jVl'.. (23) 


( 20 ) 

( 21 ) 

( 22 ) 


g being the weight factor for the electron, and 

a - c»p*+y'l{kT)» 


^~^{kT)*’ 

A^(+^kl 


(24) 

(26) 

(26) 


The summatum * is evaluated by using Euler’s formula, which gives 
2 (l-}.e-^~(“+^('*+l))*) ■■ f log (l •fe-^~(* + ^)*)<ia: 


2 




x{iK+px)-tdx _ ^ a-1 


(27) 
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Denote the integral on the right by I, and let 


Putting (t* we have 
1 


Since m the relativistic 


where we have put 


2 r 

/ 3 « J l+e<-^ 

f r ydy 

J„l+cW>“*-^ Jo 

xi=cp.lkT^ 
and A^HkT ) 

=, i C" y*^y ■ r 

J ^ 1 J ^ 1 +eF-(-)-*) ’ 

ri 


cpJkT^z-^ 
and dkT: 


Fnil) 


l+eV-l 


we can then easily show that 


~F,{v)^nF„.i(v) 


For t; ^ 1 ,1 c (degenerate ease) 




(see Stoner (1936)) 

(30) on using (32) becomes 


Let 

where 


n=.D,+D,. 


ch» qS 


F*(i,-.2)dz+2 j zi’,(,-2)dzj . 


(26) 

(29) 

(30) 

(31) 


(32) 

(33) 

(34) 


( 37 ) 
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In (37) we have not yet taken the relativistic approximation, wo shall do so m the 
end 

To evaluate the integrals in U], let 


= - 3 Uvv) 


J 2/'’l(»}-2)d5= — J (l?-n')^’l(’?')« 


Substituting those values becomes 


8 /krV VeH , . 

sUj -r 


II substituting till valiu of /9 from (26), becomos 




Putting (c*p,'^+/i*) = t*, .Hid using (25) becomes 

„ 1 Ve^m f’' <U 1 

2frt-h J (t*-p*)* 


= r 'im - 

« 2‘irch dt^' I ^ 


wheio = log 
Put 1—^ = 2, then 


„ I FeS£f* f" d ^ 
2ircfc 

J 0 


d,(z) - log [(^+2) + {(2+^)8_^*}‘] 

The integral in (41) can bo evaluated by using Hommerfeld Lemma | 


- {^(fl-^(<I)+2c*(fcT)V'(f) + 
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"* “ 6 -M - 

-2c*(ikI0»(f +w>c*)(f * +2f»nca)* I 
For the relativistic case wo have 


(43) 


Heiito wo havi 

fl =3 Qi +^2 




The magaetio moment is 


dQ 

~W’ 


3 2woA ( 




(45) 


The number of particles N is given by 
^ “ IT dr, 

3* y (^) +other terms which wo may neglect, 

The maximum energy io of a particle m the completely degenerate state is given by 

(47) 

(see Kothari and Smgh (1942)), 

, h fwV 

In the relativistic case (olmc* ^ 1, i e * very large, 
c»A» 3 ’ 


(48) 




( 49 ) 
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From (46) and (49) we have 


The suaoeptibihty is given by 

M 1 e*F /, IkT lCi\ 

If “ 3 (*”*5 »««* 5?* j ’ 

which on using (49) and (60) becomes 

/echyN i. 2kT (. 7r2 \ 2, 

(4n j ^ I Tfufl ’*® ( 3t}o*) Jii 

/eckyNl, 2fo ^^/kTyi 

=-( 4 ^)^T«r-®- 2 U)} 


(60) 


(51) 


For T = 0, (61) reduces to the expression* deduced oarher (1948) by the 
method of perturbation It is, therefore, very gratifying that the two methods 
which are so different give identical results 


4 Dvmagnelui susceptibility (non->elativtslte case) 
For the case under consideration, i e 

T 

(42) becomes 

1 em*V 2‘f‘ 


“ 6 Inch (otc*)* 


> 1 . 


The suscoptibihty is given by 
Xd 


(see Stoner (1936)). 


~ UdH' 

~ HdH' 

--i-s©'|. - 

A* /SiVV 

" “ 2m ’ 


(52) 


(63) 

(64) 

( 66 ) 


* Actually formula (32) of the previous paper nves the paramagnetic suseeptibUity The 
diamagnetic suscoptibihty can at onoe be calculated from (24), and will come out to be — | the 
paramagnetic susoeptlbllity 
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Using (64) and (65). (63) becomes 


'-m)i 


I have much pice iie in ixpiessing m> IhmksloProf D S Kothari under 
• wliOHP supc^rviston this work was uiiiud nut 
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A CONTRIBUTION TO THE EMBRYOLOGY OF WAHLENBERGIA 
GRACILIS SoHBAD 


By K Rubramanyam, Df^t of Botany, Central College, Bangalore 
(Communicated by Frof P Maheshu at i) 

(Received March 10, tead April 10, 1918) 
iNTRODirrTION 

The genus Wahlenhergta is a member of the family Camjiunulaceao, placed by 
Kngler and Prantl (1897) m the tribe Campanuloideae, subtnbe VVahlonborgmeae 
The only previous work on the embryology of this genus is by Rosen (1932) who 
has described the mode of endos)>orm foi mation 411 an unnamed species and reported 
it to be of the Codonopnn ty|>e 

Materials and Methods 

The only species of this genus 111 South India is Wahlfidjergui gracilis Rchrad 
It IS an erect perenmal herb with linear loaves and blue flowers on long pedicels 
The fruit is a looulicidally deluscing capsule with persistent calyv tooth The 
material was colloctod at Ootacamund at a height of about 6,800 ft It was fixed in 
formalin acetic-alcohol and at the 70% alcohol stage the mature ovarii s were 
tieated with Carnoy’s fluid for half an houi Subsequent tieatment was tamed 
out according to i ustomary methods and st < tions were cut at a thiclau ss of l()-20p, 
Staining was done in Hoidcnhain’s iron-alum liaomatoxylm with msm as (ountci 
stain 

MlOROSPOBOQENFStS AND MAI-F OAMFTOPHYTL 

The wall of the young anther is made up of three layers in addition to the tajie- 
tum (Fig 1) Of these, the outermost is the oiudcrmis, next we have the endo» 
thecium W'hioh acquires fibrous thickenings at a later stage, the third is the middle 
layer which remains undivided and disorganises when the anther is mature The 
tapetal cells arc at first unmuoleato but soon become bmueleate and at the same 
time the oytoplasm becomes vacuolate 

The microspore mother cells undergo the usual lorluction divisions and form 
the mierospores which are arranged tetrahedrally Quailnpariition of the micro 
spore mother cell takes place by cleavage furrows 

The mature pollen grain is trinucleate, with a jiromment tube nucleus and two 
small male nuclei (Fig 2) The exine is in the form of a haid thick wall showing a 
reticulate pattern on the surface and beset with minute spinescent projertions The 
intine appears as a thin delicate membrane There are four germ ])or( s situaterl 
on slightly elevated portions of the exme (Fig 3) 

Meqaspoeangium and the female oametobhyte 

The tncarpellary, trilocular, inferior ovary has an indefinite number of ovules 
borne on axile placenthe The ovules arc anatropous and unitegraic A single 
hypodermal archesporial cell becomes differentiated in the nucollus (Fig 4) and is 
followed by the appearance of the integument (Fig 5) The archesporial cell is 
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orerarohed by tho nucollar epidertniB and functions du-ectly as the megaspore 
mother cell (Fig 0) After the usual reduction divisions a linear tetrad of mega¬ 
spores 18 formed (Rgs 7 and 8) Occasionally a T-sliaped tetrad may be found 
(Fig 9) as in CfphaloHigrna Schimpen (Kansik and Subramanyam, 1947) and some¬ 
times the upper dyad cell divides by an oblique wall (Pig 10) As a rule, tho upper 
three megaspores degenerate and the lower enlarges further (Pig 8) It undergoes 
three divisions and produces the mature embryo sac (Figs 12 and 13) which is there 
fore of the monosporic eight nucleate tyjie RareH, tho third megaspore may 
enlarge (Fig 11), a feature also recorded foi Ldbeha trwhitn, a member of tho allied 
family Lobeliaceao (Kausik and Subramanjam, 19456) 

At about the two nucleate embiyo sac stage the otlls of tho niicellar epidermis 
are destroyed, excepting a few towards the sides At tho four nucleate stage even 
these are destroyed so that the embryo sac lies in diiect contact with the inner 
epidermis of the integument which bi'comcs differentiated as the integnmentar\' 
tapetum The latter shows its maximum development w'hen the embryo sac is 
fully formed and is leody for fertilisation (Pig 15) 

Tho fully organised embryo sac (Fig 15) is long and taiieiing at both ends 
Tho synergids are elongated and have pointed apices They also show the charac- 
tenstic hooks (Fig 16) already leported for Cephalottujma Hchimptn (Kausik and 
Subramanyam, 1947o) The pear-shaped egg is situated between the two synergids 
and shows a conspicuous nucleus at the base 'I’ho two ])olar nuclei meet just 
above the centre of the embryo sac and fuse to form the secondary nucleus The 
antipodals are orgamaed as definite cells Sometimes tho antipodal cells are 
differentiated before the egg apparatus (Fig 14) Such a feature has also been re¬ 
ported in Isoinma longifiora (Kausik and Subramanyam, 10450), a member ot the 
Lobehaceae The antipodals degenerate at the time of fertilisation and are then 
seen as darkly stained masses This is in general accordance with the condition in 
the Lobehaceae and Campanulaceoe (Kausik and Subramanyam, 1945o, 6 and 
ld46a, 6) except that there is a sbghtly oarhor degeneration of the antipodals m 
WahlenbergM 

The pollen tube destroys one of the synergids during its entry into the embryo 
sao, but sometimes both the synergids may remain intact Double fertilisation has 
been observed (Fig 17) 

Endosperm 

Endosperm development is of the «6 tnilw cellular tyjie Tho first division 
of the primary endosperm nucleus is followed by the laying down of a transverse 
wall (Fig 18) to give nse to a smaU primary micropylar and a large jinmary chalaaal 
chamber Next, a vertical wall is formed first in tho miciopylar (Fig 19) and then 
in the ohalazal chamber (Fig 20), thus resultmg in a four-ceUed stage A transverse 
division now follows m the lower pan of cells (Fig 21) and immediately afterwards 
in the upper pair (Fig 21), resultmg m the formation of foui tiers of paired cells 
The two cells of the first tier form the microjiylar haustonum and those of the lower 
tier give nse to the ohalazal haustonum after undeigomg one (i’lg 22) or perhaps 
two transverse divisions (Fig 23) Tho remaining tiers of cells w hioh he betw oen the 
haustona undergo fiirther longitudmal and transverse divisions and give rise to the 
endosperm Thus the sequence of wall formation, schematically rouresentod in 
Fig 24, closely oorrosponds with that in the Codanopfui typo found in other members 
of Camponulaoeae (Ros4n, 1932, and Kausik and Subramanyam, 1947o) 

The micropylar haustonum IS two celled (Fig 26), each cell forming a prominent 
lateral hump or bulge and oontainmg a conspicuous nucleus and a dense mass of 

« J3m L3ung in the midst of a rich nutritive tissue belonging to the integument, 
ustonum remains hotive for a long lime Tho activity of the ohalazal haus¬ 
tonum, which IS also two-oelled (Fig 26), stops at an earher stage In a ^ture 
seed it is seen as a darkly stained compressed scruoture lymg in a mass of collapsed 
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colls The endosperm fills Ihe entire seed cavity (Pig 27) and all its cells, exoept 
those m the neighbourhood of the developing embryo, oonllhiitarge quantities of 
starch The embryo with its slender suspensor, which now appears to be qmte 
shrivelled up, lies deeply buried m the mass of endosperm tissue 


Sked-ooat 

In the mature seed (Pig 27) the outer epidermis of the integument becomes 
thickened and forms a hard and rigid T*rotective covering Its ceUs are elongated 
along the longitudinal axis of the seoil (Rg 28) and on mg to the conspicuous thicken¬ 
ing of the inner tangential and the radial vialls the cavity of each cell is reduced to a 
narrow space (ef Lobelia trigom studied by Kauflik, lfl36) Each cell Is in com¬ 
munication with its neighhouimg colls by means of canals which traverse the entire 
thickness of the cell waU (Pigs 20 and 30) The canals are long and narrow and 
branch towards the outer as well as the inner sides of the cells In a transverse 
section at the region of these canals the cell cavity appears m the form of the letter 
‘T’ (Fig 31) 

Embryo 

The dovolopmont of the embryo closely follows that described by SouAges 
(1936, 1938) and Kausik and Subramanyam (1947o) for other members of Cam- 
panulaceac, and Crete (1938), Hewitt (1930) and Kausik and .Subramanyam (1946 
and 19476) for some members of the Lobeliaoeae Stages in development are 
presented in Figs 32-61 The embryogeny corresponds to the SUamd type of 
.Johansen (1046) A case of polyembryony was met with in the present form and this 
has been separately described (i^iubramanyam, 1947) 


SOMMABY 

The wall of the anther la made up of throe layers, external to the tapotum The tapetal 
cells become binucleate The endothecium u flbroua The pollen grauu are tnnuoleate at the 
tuna of shedding The exine is very finely spinesoent and there are four germ pores 

The ovary is inferior and tnlooular with an indefinite number of anatropous umtegmio 
ovules borne on an axile placenta The innermost layer of the integument forms an integu 
mentary tapotum H^sporogenesis proceeds normally and the embryo sac is of the roonospono 
eight nucleate type synotgidB are very long and show oharacteristio hook-like projections 

The antipodal cells are ephemeral Double fertilisation occurs 

Endosperm u of the ab imtxo oellular type and follows the Oodonopsu t3ipe (Ros4n, 1932) 
The endosperm develops haustona at the laicropylar and ohalaial ends The mloropylar 
luiustonum is made up of two uninucleate oells and appears to bo more aggressive than the 
clialazal endosperm haustonum which is also two celled and uninucleate 

Development of the embryo follows the Solmtad type (Johansen, 1946) as seen in Other 
members of Campanulaoeae and Lobeliaoeae 

The mature seed contains a large mass of endosperm The seed-coat ooiisuts of a single 
layer of cells whose outer walls become thiokenod. 
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Explanation to Figdbk? 

Wablenbergvi gracUia Schrod (Figs 1 to IS ) 

1 Portion of u tranavemo section of a young anther showing wall layers, biaiu lento tapetum 

and inicrosporo mother cells X 486 

2 Three nucleate pollen gram x 486 

3 Pollen gram m surface view showing four genn pores < 486 

4 Young nucellar prunordium and the arohosporium x 291 

6 Megaspore mother coll and the integument uutials x 291 
6. Anatropous ovule showing megospore mother cell x291 

7 Megaspore mother coll in division x679 

8. Liimr tetrad of megaspores, the c iialaml < ell enlarging <079 

9 T shaped tetrad of megasporoe x670 

lU Mega;^re tetrad with oblique wall in the upper dyad coll a 679 
11 T shaped tetrad m which the third megaspom shows signs ot enlargomi nt x 679 
12. Two nucleate embryo sac showing division of nuclei , 430 

15 Formation of the eight-nucleate embryo sae X486 

14 An young eight nucleate embryo sac showing tho early differBiitml 1011 ol Uie antipodal^, 
before the organisation of the egg apparatus lias boon completed x 486 

16 Mature embryo sae showing egg apparatus, the dogenomting antipod%1 cello, and the two 

polaiB u close juxtaposition x486 

16 Upper ipart of tho embryo sac showing tho elongated hooked synorgids und the egg i»ll 

X079 

17 A steige in double fertilisation, showing remnants of tho pollen tube X486 

18 Primaiy endosperm nucleus m division x 485 


Wa/Uenbergta graodia Sohrod (Figs 19 to 31 ) 

19 to 23. Stages In the development of the endosperm and the differentiation of the mieropylar 
and ch^sal haustofia x486 each 
24 Diagram showing sequdnoe of wall formation m endosperm 
26 Two celled mieropylar hsuatorium m advanced stage X 486 
26. Two celled ohalasal baustonum m advanced stage, x 486 
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27 Longitudinal section of a mature seed, diowing the embryo with collapsed suepensor, the 

persisting micropylar liaustonum, the almost collapsed thal gaal haustorium, and the 
thick-walled seed coat x 291 

28 Surface view of the epidermal cells of the seed coat sliowmg thiokenmgB x486 

29 The same under a separate focus X486 

30 The canals connecting the adjacent oellsy X 970 

31 Epidermal cells of the seod coat m transverse section, x 485 


WcMenb«rgta gracUtt Sohrad (Figs. 32 (o 61 ) 

82-61 Stages m the development of the embryo The primary segmentation walls are 
mdioated by thicker lines x291 each 

CO—.Apical cell of the two celled proembwo, c6—Basal coll of the two celled proembryo > 
m and ei—Cells donved from the basal coll cb, d and /—Cells derived from the tell m , 
n and n'—Cells derived from the cell c», 1—Superior cell derived from the apical cell co, 
from which tho cotyledons are later differentiated, I '—Inferior cell donvesl from the 
apical cell ai, a and p —Cells formed in tho superior octant, ph and h —Oils derived 
from I', from which part of tho liypocotyl is formed, ha and hb —Cells produced from h, 
160—^Imtials of radicle , ico'—Initials of the stole, he and hd —Cells produced from fib, 
dord ?—Cell or colls produced from one of the cells of the susponsor, de —Dennatogen , 
pe —Periblem, pi—Plerome 



NOTES ON SOME ULOTKICHALES FROM NORTHERN INDIA 


jSy M S Randhawa, M Sr , I V (S , Deputy Commtsstoiier, Delhi 
(Sereived January 26, read Match 5, 1948 ) 

Membeis of the order Ulotnchalos have comparatively diawn very little atten¬ 
tion from the algolojjiHtH in Northern India In 1920 Ghose dt‘seabed a new spetieis 
of Uronema from India, 17 tndicum In 1920 Nellie Caitcr n cordwl thiei Hpicioa 
of Ulothrix, U zonata, U niblills and U ae^Molta from different localities in India 
In 1930 the present author desoribed Cyltndrocapsa oed(>ijo7iioide‘<, a new species 
from the Punjab, and in 1939 Mteroepora indica and Cyltndrocap'ia ‘icytonemotden, 
both new species from Fyzabad In 1940 lyengai and Kantliamma dosciibod 
Hormidiella patvula gen et sp nov , and in 1941 Heterothnchopsis vuidis gen 
otsp nov 

It IS a remaikable fact that Ulothrix which is so common m the Punjab 
18 practically absent from Oudh During the collection of algae in the districts of 
Fyzabad, Gonda, Bahraich, Lucknow, Paitabgarh, Rai Bareli, and Allahabad the 
present author did not secuio oven a single sample, though these districts aie very 
rich in Zjgnomales, which flourish in tho^Atls and sluggish streams of Oudh The 
absonco of Ulothrix fiom Oudh was also confirmed by making enquiries from Botany 
teachers of vaiious colleges at Fyzabad and Allahabad Out of the six siiccies of 
Ulothrix collected by the present writer, throe were uillected from the Punjab, one 
from a sulphur spring in Kashmir, one from a dripping lock noai Almoia in Ktimaon 
Himalayas, and one from the river Jumna in Agra district Fi om these data one m ay 
safely conclude that sjii eics of Ulothrix flourish in the comparatively colder regions 
of North India 9'he related genus Schizomerls, which is recorded from India foi 
the first time, shows a similar distribution, and its two samples w'orc colleclcd fiom 
Kashmu and the Punjab Prasiola with its smgle iccorded species P fluviahlm 
flourishes only in cold alpino torrents of Kashmir and Kumaon and has nut been 
collected horn the plains 

In addition to tho above-mentioned members of ITlotinhales, two othei lemaik 
able species woio collected hom the Himalayas Bmvx-karta tatraua, which, so fai 
us the jiiosent autlioi is aware, has not been reported from India up to now, was 
collected from a bog iieai Dhakuri, at an altitude of 8,5(iO feet in Kumaon 

Only Geminclla and Micronpora fluuiish in the warm districts of tlio Ibuted 
Provinces Gumnella is represented by a sohtary species G lutenupta Turp , which 
was collected from a fresh water stream near Meja in Allahabad district Micro- 
spora IS lopiesontod by M indica Randli with its bright green flooculent masses with 
spots of rod 'Jdiis IS found in most of tho jhtls of Ouclh, and was origmally coUeoteil 
from a jhil m Fyzabad 

Enteramorpha trUeniinaliH was also colleoted from Agra distiict giowing luxu¬ 
riantly m Chambal river A similar form was also collected by R N Tandan in 
Apiil 1937 from Jumna river near Allahabad 

From the above account it is evident that members of tlic older Ulotrichales 
flourish m the cold fresh-water rivulets and torrential streams of the Himalayas, 
are comparatively w ell represented in the submontane districts of the Punjab, and 
are lather rare in the warmer distnots of Oudh, whose sluggish streams and jh\U 
are choked with various members of the Zygnemales, for whose growth and repro¬ 
duction ideal conditions are found in Oudh 


VOL. XIV—Ho. H. 



368 M S BAK»HAWA NOTES ON SOME ULOTBIOHALES FBOM NOBTHEBN INDIA 

Systematic enumeration of the species observed 
1 ULOTRICHALE^ 

(1) UlAITEIOHAOBAB 
Ulothrlx Kutz 

1 f/foiAnx Rabenhorst Krypfc Flora V and Heei mg Susswassor flora 

6,1914, p 31 

Cells 4 G/i broad and 8-12/t long Chloioplaet with a single small pyronoid m 
the middle 



Fras 1-6 Species of Ulothnx 
Fig 1 V st4btilwtma Rab 

Fig 2 U tmnenma Kutz 

Fig 3 U i>9c\Uanna Kutz 

Fig 4 V tennuustma Kutz 

Fig 6 U zonata Kutz 


Habit —Found epiphytic on a species of Lynubydy growing at the sides of a 
water reservoir at Lahore in December 1929 Also collected from drippmg rocks 
on Almora-Someehwar road on 5th August, 1939 

2 Ulothrix tennenwia Kutzing Heering Sttsswasser-flora 6, 1914, p 32 

Colls 7-10/» broad, 5-12^ long Chloroplast boars a single pyrenoid 

Habit —Found attached to the sides of a water-trough at Lahore in Deoeinlier 
1929 Also collected free-floating in Jumna river at Bateshwar, district Agra, ui 
January 1941 

3 Ulothnx tenmtaszma Kdtzing Heermg Susswasser-flora 0, 1914, p. 32. 

Cells 15-18p broad and 12-27p long Chloroplast usually with two pyrenoids 
Habit —Collected from a sulphur spnng at Anantnag, Kashmir, on 23rd August, 
1941, 
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4 Ulothnx oscillanna Kiitzmg Hoenng SOsswasaer-flora 6, 1914, p 32 

Cells 8-10;i broad and 4-6/* long Chloroplast with 2-3 small pyrenoids Cell 
wall very thin 

Habit —Found embedded in a mucilaginous stratum, forming a dark blue-green 
covering on brickwork at tho sides of a water tap, mixed w ith desmids at Jullundur 
City railway station m August 1929 

6 Ukdkrix zonata Kutzma Hoenng Sflsswasscr flora fi, 1014, p 35 

Cells 14-3fiu broad and 8-14;* long Each chloroplast bearing 1-3 pyrenoids 
Cell wall thick, lamollated 

Habit —Pound attached to twigs in a dark green mass, in a puddle near a well 
at village Bodal, district Hoshiarinir, Punjab, m August 1029 ^so collected from 
a sulphur spring at Anantnag, Kashmir, on 23rd August, 1941 

Hormldlum Klelm 

1 Horm\dium Jlacctduni A Br forma tvjiioa Heoring Susswasscr flora 6, p 45 

Cells are rectangular or squarish, 6-9;* broad and 7-15;* long, and joined mto 
stable filaments Each cell contains a single chloroplast in the form of a half girdle, 
each bearing a single conspicuous pjrenoul (Fig 0) The protoplast show s homo¬ 
geneous contents Mome of the filaments contain many empty cells, possibly on 
account of tho escape of swarmeis (Fig 7) Tho filaments do not have any spe¬ 
cialised rhizoids 

Filaments op dried soil become pale yellowish in colour, and cell walls become 
considerably thickened (Fig 7) A common mode of perennation in this alga is by 
moans of akinetes, w hich are liberated by the decay of the outer wall (Fig 8) 

Habit —Collected by the author from clayey soil at Binsar and Gananath, 
Almora, from an altitude of 6,900-7,000 feet above sea-level in September 1939, 
after the rains This alga has a great aflSnity for clayey soil and was especially 
abundant on the bridle path near Gananath forest bungalow, covering a big area 
When the soil dries up, the filaments become pale yellow ish green Also collected 
from Bisaran, near Pahlgam, Kashmir, on 30th July, 1‘Wl, growing on clayey soj, 
and from village Nam in Rai Bareli distnct, U P , m January 1943 

Schlzomerls Kutnng 

1 Schtomerts Liebliemi Fritsch and Rich Trans Roy Soc tf Afnca, \ol xi, 
p 317 

Filaments 1-2 cm long, attached to tho substratum by a basal hy'abne cell 
(Fig 9) Filaments unisenato in tho lower end, resembling Ulothnx zonata, and 
higher up become separate and multiseriato on account of cell division Septation 
18 irregular (Figs 11-13) Filaments are 30-60;* broad w ith a thick enclosing hyalme 
sheath, 3;* broad 

Filaments are constricted at irregular intervals, as a prelude to fragmentation 
(fig 12) which appears to be a common mode of vegetative propagation in this alga 
Chloroplasls are collar shaped beanng two or more pyrenoids as in Vlothtu zomta, 
in the lower parts of filaments 

Apices of some of the thalli showed loose masses of colls with more or less 
complete breakdown of cross-septa and side walla (Fig 15) Tins stage possibly 
represents an early stage m zoospore formation, and the loose cells are very likely 
immature zoospores This mode of zoospore formation from the apex of the thallus 
IS rather unique, and shows that Schtzomena is a distinct form resembling Vlothnx 
only m the structure of the chloroplasts, and differing widely from the latter in the 
mode of hberation of zoospores, which m Ulothnx escape laterally This apical 
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mode of zoospore-liberation is the necessary consequence of a solid multicellular 
thallus formation and thick enclosing cell wall 

This form resembles S trregularM described by Fritsch and Rich from South 
Africa in the irregular septation of thaUi In size it is much bigger than the African 
form, the maximum width of whose frlaments is given as 37/* 

Habit —This alga was collected m August 1929 growmg on stems of water- 
])lant8 m a tank at Bodal, district Hoshiarpur, Punjab A broader form of this alga 
ivas collected finra a waterfall of Vennag Spring, Kashmir, the source of Jhelum 
river, on 22nd August, 1941 

Enteromorpha (Link) Harvey 

1 Enteromorpha tntesUnalui (L ) Creville Heenng Sttsswasser-flora 6, ]) 27 

Thallus tubular, sparsely branched, branches irregular, not eonstncted at the 
base I'ronds inteatinc-liko, inflated, free-floating, mature ones flattened at the 
top Younger thalli 180fi to 1 mm in diameter, thread-like in appearance, mature 
ones 1 2 cm broad and 12-15 cm long (Pig 16) 

In younger thalli, cells are rectangular to polygonal in outline, arranged in regulai 
rows 9-1broad ami 21-40g long Each cell contains a single chloroplast bearing 
a conspicuous pyrenoid In older thalli, cells aie jiolygonal m outline and irregu¬ 
larly arranged and are 15-lb/t m diameter 

Habit —Collected by the author from Chambal river below Pinahat in Agra 
district from January to June 1941 Young plants are found free floatmg in June, 
and those collected in January were mostly mature plants 

Gominella Tuijun 

1 Oeminella mlerrupta Turpin Heenng Susswasstr flora 6, 1914, p 41 

Filaments enclosed by a gelatinous transparent sheath, i\hich stains deep blue 
with Nile blue, and is only visible when stained Cells usually in pairs, oval, each 
containing a lanunate chloroplast, with 1-2 pyrenoids (Pig 17 ) 

Filaments inclusive of sheath 16-30^ broad (Jells 6 7fi broad and 9-12/a long 
Habit —Collected from a sluggish fresh-water stream near Meja distiict, Allaha¬ 
bad, on 15th March, 1940 

Binuclearia Wittrock 

1 Binuclearia tatrana Wittrock Hooring Siisswasser flora 6, 1914, p 39 

Cells cyhndncal, 6-lOji broad, 16-,30g long, oval in shape, sometimes appearing 
grouped in pairs End walls filled with mucilage Avhich is deposited in layers 
There is a distmet bulging ojiposito tlie septa, which appear biconcave m shape 
(Fig 18) 

The chlorojilasts show a conspicuous pyrenoid Doscribmg the chlorojilast 
of this genus Smith writes, ‘The protojilast of a Binuclearia cell has a single laminate 
chlorojilast without a pyrenoid, that completely onurcles the cell’ lYitsch also 
observes that ‘a pyrenoid is not readily distinguishable’ On the contrary, in this 
Himalayan form, the sohtary pyrenoid m each protoplast is vorj consiuouous 

Habit —Collected from a marshy piece of land near the D B bungalow at 
Dhakuri, on the Pindan glacier route in Almora district in the Himalayas, at an 
altitude of 8,600 feet on Ibth September, 1939 

Prasiola Meneghim 

1 Prasiola Jluviatilis (Spmmerf) Aresohoug Heenng Sussivasser-flora-B, 1914, 
p 69. 

Thalli lanceolate, or irregular in outUne, attached to stones by a thickened 
stipe, which may be slightly funnel-shaped at the base in some cases Thalli 3^16 
cm long and 2-3 cm broad, and in some oases may be 8-10 cm broad (Fig 19) 
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Celle are grouped m quartettes, 6-6/a in diameter, each with a single, central, 
more or lees stellate chloroplast, bearing a solitary pyrenoid (Fig 20) 

This alga resembles the type in most respects, though ttna of the thalli are 
longer and broader than the biggest so far recorded 

Habit —Collected by the author from a torrential stream abore Diwali, on the 
Pindan glacier route in the Himalayas, Almora district, in September 1939 Also 
collected by the author from Liddar and Sheshnag rivers near Pahlgam, Kashmir, 
in August 1941, grows luxuriantly in loc cold uatcr in Himalayan torrential streams 
attached to stones 

Mlcrospora Thuret 

1 Micto'ipora indica Randhawa 

Vegetative cells lS-2}fL broad and 21-36/a long Coll wall conspicuously 
lamellated, composed of H shaped overlapping halves (Fig 21) Chloroplast panetal 
with cushion like outgrowths at the sides Vegetative prop^ation by akinetes 

Habit —Found free floating in a jhtl near village Paohham Sareera, Tahsil 
Manjhanpore, district Allahabsid, in February 1940 


Summary 

The foUowuig twelve species of Ulotnctisles have boon collected from Northern India — 
Vlothrix aubhlvieima Babenhorot (Punjab, Kumaon), U tenttenrna Kutztng (Lahoro, 
Agra), U lennuuioima Kutziug (Kaslimir), U onctllartna Kutzing (Punjab), U zonata 
Kutzing (Punjab, Kaslunir), Uormtdium flacctdum A Br (Kumaon, Kashmir), bchtzomtrv 
Ltebhenn Fritoch and Rich (Punjab, Kashmir), Bnteromorpha irUesUnaU-e (L) Crenlle (Agra), 
OemirielUi uUfrrupta Turpin (Allahabad), Binuclearta latranii Wittrock (Kumaon), PrmvAa 
fluvMtilia (Sommerf) Arescliong (Kiunaon, Kaahmir), and Mtcrotjxxra tndun Bandhawa 
(AlUihubud) 
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Explanation of Plates 

Flos 6-8 Hormtdxum flacctdum A Br/ormo typua Hoermg (For explanation *«« text) 
lio 15 Sclitiomeri* iieWiemi Fntsch and Rich For further explanation «««text 
Fio lb Bnteromorpha tnlesltnalts (L ) Qreville shows different types of thalh 
Fio 17 -f/emincKo tnterrupla Turpin shows a filament 
Fio 18 Rtnudearta tatrana Wittrock 
Flos 19 20 Prastola fluvtattlta (Somerf) Areschoiig 
Fig 19 shows different tjpes of thalh 
Fig 20 Arrangement of colls m the thallus 
FlO 21 Mterospora xndica Kandhawa shows structure of oell wall and chloroplosts 
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ON SOME A9CHIANNELIDS OF THE KRUSADAI ISLAND * 
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(Communicated by Prot R Gopala Aiyar, F N I ) 

(Received November 15, 1947, read October 1, 194S ) 

Inthoduction 

Larval forms of Polygordms and Saccocirrus had been recorded from Indian 
wateis (Goodrich, 19<10, Aiyar, 1033 and 1935), but only recently have adult 
archiaimebds been shown to occur in the mtcrticlal zone of the Indian i oast by Aiyar 
and Alikunhi (1944) who have described six new species of Archiannelids, viz 
Polygordius madrasensis, P urovtridts, Protodnlus pterantonn, P indtcua, Saccocirrus 
minor and S cirralus from the Madras beach, two of these species— Protodnlus 
pierantonii and Saccocirrus minor —also from the Malabar coast (he cit , p 126) 

While on a visit to Krusadai in September 1940, I had an opportunity of 
examining the intertidal sand around the island, and an examination of samples 
of sand revealed the presence ol Polygordius madrasensis Aiyar and Alikunhi, 
Protodnlus pterantonn Aiyar and Alikunhi and a new siieeios of Saccocirrui, in 
fairly large numbers As this is the hrst record ol archiannelids from this area, a 
brief account of these species is given in this paper 

The intertidal sand around the island is considerably coarse, major portion 
being formed of large pieces of broken shells and corals, clean ginvelly sand is rare 
and in most jilaies the substratum at low-watoi level is formed of muddy sand 
or mud 

Worms were collected by taking samples of sand in a glass trough and shaking 
them vigorously with sea water whin the worms, disturbed and shaken off fiom then 
lading plaei s, eould be seen swimnung in water and were easdy pipetted out 

Polygordius madrasensis Aiyar and Alikunhi 

Specimens ot this common Mailras species were obtained from ‘Sandy Point’, 
Krusadai, in coarse sand, a little above the low-water mark A dozen specimens, 
most of them mature females, filled with ova in the middle and posterior segments, 
were obtained in a smgle haul It is probable, therefore, that they occur in large 
numbers The worms were very active, and in the hving condition each measurcsi 
about 15 to 20 mm in length They are slightly longer than the Madras specimens 
which only rarely roach above 12 mm Examination under the microscope, 
however, revealed that they are identical with the Madras species in all essential 
features 

Protodnlus pterantonn Aiyar and Alikunhi 

This siiecies, which is also one of the commonest archiannelids of the Madras 
beach, occurs in large numbers m clean sand in the intertidal zone near Pamban 
bridge The substratum here is different from that at 'Randy' Point ’ and consists 
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of clean minute pebbles, with a considerable portion of fine silt A Similar substratum 
IS present in the intertidal zone at Ramoswaram also ^i^jjgjlections were made 
liom this region in July 1943, and several specimens of these minute archiannelids 
obtained Specimens from both these localities were fully npe—males and 
females with mature gonads—and measured 2 6 to 6 0 mm in length 


Saccoctrrua krusadensta sp nov 

A species ot Saccoctrrua was found to occur in considerable numbers m coarse 
sand at ‘Sandy Point’, Krusadai Smaller specimens of the same spcfies were 
also obtained from Pamban and Rameswaram, m the same samples of sand as 
contained spctimens of Protodnlua At ‘Sandy Point’, duo to the coarse nature of 
the siihstiatum and the constant disturbance of the upper lajers of sand by tlie 
incessant waves, these worms are actually found two or three inches below the 
surface layer of sand, very neai the low-water level 

A gocnl number of specimens were collectc'd and studied fresh at Krusadai 
itself, but some of them wi re brought alive to the Zoological Research Laboratory, 
Madras, and were examine d for further dc tails It is found that the worm possesses 
important features in which it differs from all the known spetics of the genus, and 
hence in the following pages it is described as a new spenes under the name 
SacLonn us kiu vulenna 



Tbxt no 1 Saccoetrrus kruaadenata sp nov 

(а) Anterior end, dorsal aspect, drawn from lifo x 90 

(б) Caudal end showing structure of pygidium, drawn from life X 130 

ac —Alimentary canal, al —Anal lobe, amp —Ampulla, op —Adhesive papilla , s —eye; 
n or —Nuchal organ, p —Parapodium, pA —Pharynx, is —Tentacle 
4» 
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Extbbnal Chabaotebs 

Worms aro very active and creep about in a characteristic Icech-like fashion 
when placed m a dish of clean sea water They measure 20 to 26 mm in length 
in the living condition when the body is normally extended The number of 
segments vanes from 100 to 160 Colouration is pale white with a tinge of light 
green The body, as usual, is highly contractile and tapers to either extremity but 
more so to the posterior The prostomium is conical and carries the two characteristic 
long tentacles which us in S minor are not constricted into segments (Fig la) At 
the base of each tentacle is a group of actively vibratile cilia The eyes, situated 
immediately behind the anterior extremity of the prostomium, are in the form of a 
pair of dark, usually reniform jiigment spots without lenses and with the convex 
sidis facing each other Tin nuchal organs aie situated bchmd the level of the 
tentacular bases The tentacles and the tijj oi the prostomium are provided with 
palpocils- 

The pygidmm is provided with a pair of elongate<1 arnl lobes, shghtly tapering 
to the tip (Fig 16) Bach lobe carries 0 to i) glandular papillae^ situated on its 
vontro median aspect The anterior ones ol these papillae are largei than the 
hinder ones On each papilla a largo number of elongated adhesive glands open 
The secretion of these glands enables the worm to attach to the substratum by this 
end Palpocils arc present on these papillae The structure of pygidmm, as de 
scribed above, differs fiom that in S minor anel -S' cirralnn in its ty pically bifurcated 
nature and in the absence of anal cirn In the number, relative sue anil disposition 
of these papillae the pnsent form differs from tlie other three species of the genus 
also 

There is a uniform development of epidermal glands on the body suiface 
Groups of minute palpocils are present in every segment, on cither side, at about the 
parapodial level 

On the ventral surface, at the level of the buccal invagination on cither side of 
the median line, there is a linear bariel of cilia, arising fiom a shallow groove In 
transverse sections these eiba are situated on cither side between the wall of the 
buccal invagination and the region directly below the nerve coid (Fig 2/) The 
cells adjoining the cilia seem to be of a scnsoiy nature 

The parapcxiia arc minute cyhndrical structuics which can be rctraited into 
depressions on either side in the ventro lateral aspect of the segment Tlie first 
segment behind the head and also the last two are apodous and achaetous, while the 
remaining segments possess parapodia with cliaetae In all the other known 
species of the genus the last few segments varying Irom 6 to 12, or even more, 
are devoid of parapodia and chaetae Sotao are all simple bristles and there 
are 8 or 9 of them in each foot These bristles are of three distinct types as follow s 
(I) Extremely slender long bristles deeply bifid at the tip (fiinute s(fa) the two 
prongs are markedly unequal, the longer one with a slight bend at the base, being 
about three or four times the length of the shorter prong (Fig 2a), in the anterior 
as well as the posterior segments there is onlv a single bristle of this kind in each 
foot, while in the middle segments two such setae may bo present in eai h, these 
setae project beyond the others in the bundle (2) Comparatively stout bristles, 
also deeply bifid at the tip, but with equal prongs (Fig 26), the inner aspect of each 
prong 18 dehcately serrated, there aro three sucli setae in each of the anterior and 
posterior parapodia, while there may be four m the middle ones (3) Simple slender 
capillary bristles with blunt tips which may be imperceptibly notched (Fig 2c), 
there are two cw three such bristles in each foot It may be observed that in S minor 
and 8 onenlalts the tips of setae are all blunt; in 8 cirrntus all the setae, except one 
which IS crutch-shaped, afe similar to those m 8 minor, in 8 paptUocercus one 
bristle m each foot is provided with three prongs at the tip and the rest with blunt 
tips; and in 8 major the setae tips have three shOTt projections It is therefore clear 
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that the structure of the setae in 8 krasadmaia is different from that of the other 
species and is of taxonomic value 

Intebnal Cuabaotebs 

Head cavity —In general structure the head cavity resembles that of the other 
species The transverse communicating canal is situated at the posterior extremity 
of the brain The ampullae are short and tapermg, and, uiihke the condition m 
8 minor, do not extend to the first sctigcrous segment (Fig la) Circular muscles 
are well developed m the wall of the ampullae A colourless fluid with nucleated 
corpuscles fills the hcad-oavity In sections the lumc n of the ampullae is filled with 
a reticulum of tluck hbrils with nuclei at mtervals (Fig 2d and /) The passage of 
the Huid from one ampulla to the other is inhibited by a set of delicate muscle fibres 
that traverse the communicating canal (Fig 2d) 

Body wall —The epidermal layer is considerably thick Each nucleus is m 
the form of a deeply staining conspicuous body, usually broad at the inner and 
taiieimg towards the outer aspect of the cell, and under high magmfieaticn has a 
pronounei'd granular appearance (Figs 2e and d«) This pecuhar structure of the 
iiu( leus seems to be characteristic of the genus and similar nuclear structure could 
bo made out m 8 minor and 8 cirratw also 'I’he circular and longitudinal muscle 
layers are well dovelo 3 )ed and an extremely thin coelomic epitlichum lines the body 
cavity 

Alimentary Canal —The structure of the anterior jiart of the alimentary canal, 
though greatly diffeiing from that of both 8 minor unci 8 cirratue, closely resembles 
the phaiyngeal apparatus of 8 paptllocercua The buccal invagination commences 
from behind the level of the transverse communicating canal of the head-cavity, 
and extends to the level of the bind end of the ampullae The mvaginated wall is 
enormously thickened, especially on the sides, and its roof or dorsal wall is power¬ 
fully ciliated The ventral wall is lined by cuticle Immediately behind, a muscular 
pad 18 developed on the ventral wall and this greatly obliterates the lumen Further 
bthuid, this pad separates from tlu pharyngeal wall which is then completely 
devoid of muscles The ventral wall is very thick and the lumiii is ciliated on all 
sides From the level of the posterior extremity of the muscular pad, that is, from 
the fourth sctigcrous segment, a layer of muscles makes its appearance, first on the 
ventral aspect and then gradually encroaching on to the dorsal wall From the 
4th to tho 14tli segment tho ahmentary canal is in the form of a narrow tube 
with thick walls, made up of o single layer of large secretory cells They 
are invariably filled with secretory granules which stain deeply It may bo 
mentioned that in 8 papillocercun, Marion and Bobrctrkj (1875), as well as Goodrich 
(IfiOl) describe in the ahmentary canal a glandular icgion roiirosenting the digestive 
stomach and, as in 8 krmadenata, extending to tho 14th segment In the followmg 
segments tho gut is expanded and saccular with intersegmental constrictions In 
this region the cells are smaller and have roundc'd basal nuclei Unlike the condition 
in 8 papiUocercua chloragogen cells are absent from tho outir surface of the 
ahmentary canal 

Nervous System —In the brain tho ganghon cells aicv crowded towards the dorsal 
aspect Tho brain at its posterior extremity is continued as two veiitro laterally 
directed, broad nerve trunks—tho beginnings of tho ventral nerve cords In 
8 papiUocercua (Goodrich, loc cit) tho ventral nerve cords arise from the middle 
portion of the brain The buccal invagination commences only after the nerve 
trunks have assumed their ventral position In front of the buccal invagination 
each nerve trunk gets divided mto two stout nerves, tho one nearer to tho median 
line getting itself associated with tho wall of the buccal invagination, thereby con¬ 
stituting the stomatogastric system of nerves, while the outer nerves continue as 
tho ventral nerve cords In 8 papiUocercua Goodrich traces the origm of the 
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stomatogastrio nerves up to the point of origin of the ventral nerve cords, which, as 
already mentioned, is situated more towards the middle portion of the brain 
stomatogastrio nerves runnmg along the wall of the buccal invagination gradually 
get on to the ventral wall of the pharynx and, finally, near the posterior extremity 
of the muscular pad umte together mto a small enlargement 

Reproductive Organs —Sexes are separate and almost all the specimens collected 
from Krusadai were fully mature, while those from Pamban and Rameswaram 
were small and immature 

Male —The gonads are not developed in some of the anterior and a few extreme 
posterior segments In a specimen with 99 sctigorous segments testes were developed 
in segments 27 to 90 It is interesting to observe that in all the specimens collected, 
both males and females, the genital elements were developed only on one side, 
usually the left Sections also show that the gonads are confined only to one side ot 
the segmental chamber Further, the accessory reproductive structures bko the 
spcrm-sacs and penes in the male and the receptacula semmis in the female are all 
coiispuuous by their unpaired nature and are developed only on the same side as 
the gonads Since tins condition has been observed m all the mature specimens 
examined—more than 60 in number-—it is hkcly that this may be the normal feature 
in this particular species However, the exact reason for this complete suppression 
of the gemtal elements from one side is not clear Whether the method of copulation, 
which unfortunately has not been observed so far, would possibly explain this very 
peculiar one-sidi d condition of the gonads is not now known 

The testis is diffuse In hvmg specimens a number of reddish-brown pigment 
granules surround each testis mass In sections they take up a dark stain The 
sperms are elongated, whip-like and extremely slender When pressed out they 
show activity by movements of their long fiagelb from which the head is hardly 
differentiated 

Paired ncphricha in the form of simple straight tubes arc present from the 
2nd segment backwards In the genital segments, a group of long cili# is developed 
surrounding the nephrostomo, and the ncphridial duct also gets slightly enlarged 
behind the septum It then enters a thin-walled circular ciliated chamber—the 
sperm-sat (Fig 4a) The sperm sac is situatcnl in the median chamber of the 
body cavity (Fig 46) In this feature it markedly differs from the other sjieims of 
the genus wluch have the sperm sacs situated in the lateral chambi'r of the body 
cavity In living specimens the wall of the sperm sac has a shrivelli d up or fringed 
aijpcarancc It is formed of a cmgle lajcr of cells with rather prominent nuclei 
The cavity of the sperm sac is usually filled with sperms which are earned down 
into it from the coelom by the nophridial duct Tlio sperm sac is eontmued as a 
comparatively broad ciliated duct, which entering the lati ral chamber of the body 
cavity turns up to the dorsal aspect and slightly enlarges to form the penis (Fig 4u) 
Tlie penis is in the form of an elongated cylindrical organ, hardly tapering to the 
tip It IS internally ciliated and fairly thick walled, the cells being granular in 
appearance Unhke the condition in S papiUocercvs and S minor cuticular rods 
supporting the perns are extremely slender There is a short penis sheath formed 
by the invagination of the body-wall The tip of the perns, in the normal retracted 
condition, reaches the base of this sheath The penis is easily protrusible Tlie 
external aperture of the penis is oval and the perns sheath is situated just above the 
parapodium of each segment, in the dorso-lateral aspect of the body 

Female —^Mature females are usually of a shghtly deeper colour than the males 
As in the males, the gemtal elements are absent from some of the anterior and few 
of the hindmost segments In a specimen with 107 setigerous segments ova were 
developed m segments 26 to 94, but only on one side as in the males They are 
comparatively large and are of a greyish colour In npe individuals they are closely 
packed and in the normal condition they do not show any tendency to pass over 
to the other side 
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Bieceptacula aeminiB are developed m the ovigerous segmcnta and are in com¬ 
munication with the nophridial duct (Fig 5a) They are not paired, each segment 
having only one receptaculum scminis At its proximal end it is a thin-walled 
spacious sac, invariably contauung spermatozoa It is situated, like the sperm-sac, 
m the median chamber of the body cavity, but is not ciliated internally The 
saccular portion is contmued mto a broad duct which suddenly develops a consider¬ 
ably thick wall of granular cells and a powerful internal hning of cilia The duct 
gradually narrows and finally opens to the exterior on the ventral side along with the 
nephridial duct (Fig 56) Sections reveal that between the proximal portion wheie 
the sperms are stored and the duct of the receptaculum seminis there is a second 
saccular portion which markedly differs from the proximal part ui the nature of the 
Unmg epithehum It takes fighter stain than the proximal part while the duct itself 
stains deeply 

In these segments the nephridia on the same side as the receptacula semims 
are shghtly more enlarged than usual and the cilia near the nophrostomo cover a 
larger portion of the septal surface The nephridial duct running between the 
lateral longitudinal and circular muscles finally opens to the exterior along with the 
receptaculum seminis by a common aperture (Fig 56) 

The presence of sperms m the receptaculum aenums can only be explained, as 
m other species, by assuming that copulation has previously taken place, though 
this has not boon observed The relation between the receptaculum semims and the 
nephridial duct suggests that the eggs when fully mature might be carried down the 
nephridial duct and get fertihsed at the pomt of extrusion, by the sperms sent down 
from the receptaculum semims Bobretzky {loc ctt) has seen the nephridial duct 
dilated with eggs in ripe specimens In the present instance also transverse sections 
have been obtained of a ripe female in which the ovum is actually half way down 
the nephridial duct, in its way to the exterior Sperms have never been observed 
in the coelomio cavity of the female but are always found stored within the recep¬ 
taculum semims 

Remarks —Including the present form the genus 8accoc%rrus at present consists 
of SIX species, viz 8 paptUocercus and 8 major from Europe and Japan, 8 minor, 
8. cirratus and 8 onentalxs from Madras, and the present form, 8 krusadensis, from 
the Gulf of Manaar In the structure of the setae and pygidium 8 kruaadensis 
markedly differs from the Madras species In the musculature of the pharynx it 
resembles 8 papiUocercus but tho nature of the setae and pygidium, shape of the 
penis, the position of the sperm sacs and the one-sided nature of the gonads clearly 
mark it out from both 8 paptUocercus and 8 major 


Diagnostic Fbatubbs 

Slender worms, 20 to 25 mm long, with 100 to 160 segments, parapodia on 
all segments exceptmg the first and tho two hmdmost ones, setae simple, deeply 
forked and of three types, anal lobes with 6 to 9 adhesive papillae, the distal ones 
much smaller than the proximal ones, ampullae of the head-cavity confined to the 
head segment, pharyngeal apparatus well developed and muacul^, reproductive 
organs m both sexes developed only on one side, sperm-sac situated in the median 
chamber of body cavity, perns m the form of an elongated, cylindrical, easily pro- 
tnisible structure, with inconspicuous outicular rods, and receptaculum semims with 
ciliated external duct 

Locality —Sandy beach, ELrusadai, Pamban and Rameswaram m the Gulf of 
Manaar 
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Key to Species 

The following key has been prepared m the hope that it will facihtate easy 
diagnosis of the six species now included in the genus Saccocxrrua, external characters 
alone have been taken into consideration — 

1 Pygidium bifurcated, with or without adhesive 

papillae 

Pygidium not bifurcated, with two adhesive 
pads 

2 Without adhesive papillae, with two long anal 

cirri 

With adhesive papillae, without anal cirri 

3 Tips of setae smooth, without prongs 
Setae with two or three prongs at the tip 

4 With tvuo prongs at the tip 
With thnt short equal prongs at the tip 

{) With the prongs unequal in few and equal in 
others 

Prongs short and equal m all setae (three 
prongs in one seta only) 
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